JOURNAL OF 
NEUROSURGERY 


[J. Neurosurg.] 


VOLUME XI 


1954 


CHARLES C THOMAS 
SPRINGFIELD, ILLINOIS, U.S.A. 








MANAGING EDITOR 


Louise EIsENHARDT, 333 Cedar Street, New Haven 11, Conn. 


EDITORIAL BOARD 
Kennetu G. McKenzirz, Toronto, Chairman 
Pau. C. Bucy, Chicago Franc D. Incranam, Boston 


W. M. Craic, Rochester, Minn. BarNEsS WoopHALL, Durham 


ADVISORY BOARD 


A. ASENJO, Santiago de Chile Hersert Ouivecrona, Stockholm 
GiLBertT Horrax, Boston WILDER PENFIELD, Montreal 


GEOFFREY JEFFERSON, Manchester, Eng. D. Perit-DuTAtuis, Paris 


W. Jason Mrixter, Boston ERNEstT Sacus, New Haven 
Howarp C. NAFFZIGER, San Francisco R. GLEN Spur inc, Louisville 





yg 





JANUARY 1954. No. 1 


NEUROPHYSIOLOGICAL SYMPOSIUM: 
Recent Advances in Neurophysiology. Joun F. Futton.......... 
On the Question as to the Existence of a “4s” Suppressor Mecha- 
nism. Experiments on the Cat and Human. Russet, Meyers, 
Joun R. Knott, F. Mites Skuttety, and Ropert IMLeER..... . 
The Non-Specific Thalamocortical Projection System. Joun 
HaAnsery, and HERBERT JASPER 
sn 
The Limbic System and Its Hippocampal Formation. Studies in Ani- 
mals and Their Possible Application to Man. Paut D. MacLean. 
The Visceral Brain of Man. J. LAWRENCE Poo 
The Limbic Lobe in Man. W. B. ScoviLue..................... 
The Mechanism of Neurological Symptoms and Signs in Spondylolis- 
thesis at the Fifth Lumbar, First Sacral Level. Ropert DEAN 
I aS hace ke ns Le ae aad ae ae aaah eaIk ean e ooo 
The Use of Cholinergic Blocking Agents in the Treatment of Cranio- 
Cesemrnl Superies. Dhawan, Bwae....... 2.2... c nese cesnceess 
Metastatic Tumors of the Brain from a Neurosurgical Point of View. 
A Follow-up Study of 158 Cases. Tore Patrick STORTEBECKER. . 
Case Report: 
Unusual Local Complication of Percutaneous Cerebral Angiography. 
JEAN Strois, HENRI Lapointe, and Paut E. COTE............ 
ER ee at ee arte es ee ear iy wey re ee eee 


MARCH 1954. No. 2 


The Treatment of Glioblastomas with Radium. ERNEsT Sacus...... 
Controlled Pneumoencephalography. A Consideration of Head Posi- 
tion and Gas-Fluid Replacement. Ropert Suapiro, and FrRaNK- 
ie ia a a era sk ote cL win ee A Back WEN 
The Pathologic Anatomy of Ruptured Cerebral Aneurysms. GEORGE 
Witson, HeLena E. Riacs, and Cuarues Rupp.............. 
Intracranial Aneurysms. IT. Some Clinical Observations Concerning 
their Development in the Posterior Circle of Willis. Ropert C. 
MasertT, ane Liore J. LAMMEN. ... ... 22.6 c ec ecae 
Controlled Hypotension. II. A Preliminary Report on “Arfonad”’ ®& 
(RO 22-2222), Max S. Sapovr, Gorpon M. Wyant, Gwen 
Co 
Transventricular Wounds of the Brain. Gorpon T. WANNAMAKER... 
Tumors of the Foramen Magnum of Spinal Origin. Eomunp A. SMOLIK, 
OE ibn knee ecnwadtiapscnudacenadsewous 
Thrombosis of Superior Sagittal Sinus Caused by Trauma without 
Penetrating Injury. A. W. Carrie, and Freperick A. JAFFE... . 
Congenital Lumbosacral Myelomeningocele with Incontinence. A 
Contribution to the Understanding of Bladder Physiology. EBEN 


a a a 


/S2 89 


112 
117 


119 


145 
151 


183 





Speech Disturbances in Association with Parasagittal Frontal Lesions. 
J. G. Cuusip, C. G. pe GutTibRREz-MAnoney, and M. P. 
LSS POEL OTE TOR ELE POTEET 

Case Reports AND TECHNICAL NOTE: 

Choroid Cyst of Brain with Leukemic Contents in a Patient Having 
Leukemia. Davin J. LaF1a, and Gitpert Horrax............ 
Aneurysm of Common Carotid Artery in the Neck Following 
Partial Ligation for an Intracranial Aneurysm. SipNEY W. 
Gross, and ABRAHAM HOLZMAN...............000 ccc cee eens 
Sponge Rubber Pad for Operations Performed with Patient in Prone 
Postsom. Mommer ©. Seem... . cee 

OBITUARY 

ee NE NN nk ease eases eebeueessseveen 

EET EE Por ae ee ae ee err ee 

as he ek ead ciara awl A OM Bb wale m ww AIS 


MAY 1954. No. 3 


Form-Fitting Plastic Cranioplasty. Witu1am T. SPENCE............ 
Nocardiosis of the Central Nervous System. Ertco G. KrvuerGer, 
Luiata Norsa, Micuart Kenney, and Purny A. PRIcE....... 
Water Exchange in the Brain and Cerebrospinal Fluid. Studies on the 
Intraventricular Instillation of Deuterium (Heavy Water). Epcar 
Ae eee Peres rr ae rere 
Tuberculomas of the Brain and Cerebellum. P. Descuns, H. Garrg, 
NE ala canis wihs & enh anda a aw ew KG 
Glioblastoma Multiforme of Septum Pellucidum. JosepH G. Cuusm, 
and C. G. pe GuTImRREZ-MAHONEY..................200005: 
Use of Polyvinyl Sponge in Neurosurgery. Henry W. Donae, JR., 
Joun H. Grinpiay, WINCHELL McK. Craia, and Paut J. Ross. . 
Results of Radioactive Isotope Encephalography in Patients with 
Verified Intracranial Tumors. LoyaL Davis, and Tuomas 
a ia i et dint Gib dd Shea km oe AE Wa 
Anterior Cingulectomy in Man. J. Le Brau...................... 
Rhinorrhea and Pneumocephalus. Surgical Treatment. Huco V. 
Rizzou1, GrorGE J. Hayes, and Harry F. STEELMAN.......... 
Peritoneal Shunt for Hydrocephalus Utilizing the Fimbria of the Fal- 
lopian Tube for Entrance to the Peritoneal Cavity. Grirritu R. 
es tN kd dil a i lalla ciel Kine wah Ga KG Sms HS 
Ventriculo-Pleural Anastomosis in Treatment of Midline Obstructional 
Neoplasms. JosEPH RANSOHOFF................0.000eeeeeeee 
Decompression of the Trigeminal Root. PALLE TAARNH@J.......... 
The Increasing Importance of Lung Cancer as Related to Metastatic 
Brain Tumors. Epwin M. Knicuts, JR..................-4-- 
CasrE Reports: 
Lipoma Producing a Lesion of the Deep Branch of the Radial Nerve. 
Case Report. CHARLEs S. CAMPBELL, and RoBert F. WuLF...... 


193 


205 


209 
212 
214 


217 
217 


234 


243 


251 


258 


262 
268 


284 


295 
299 


306 


310 











7 


ww 





Brain Abscess Caused by Nocardia asteroides. Oscar A. TURNER. . 
Cerebral Paragonimiasis. B.S. Hoormm........................ 
Bilateral Carotid-Cavernous Fistula. T. H. Mason, G. M. Swat, 
i ah sain he gdh dlc espe eG ohik ww 
Herniation of Thoracic Intervertebral Discs with Spinal Cord Com- 
pression in Kyphosis Dorsalis Juvenilis (Scheuermann’s Disease). 
Case Report. Jonn H. Van LANDINGHAM..................... 
OBITUARY 
I co ae be ae ee bees eee Sawaal 
RS aaa ariel Oe ee wry ects Macs tad we able ye AAT 


JULY 1954. No. 4 


“Gangliolysis” for the Surgical Treatment of Trigeminal Neuralgia. 
a des SiS Ok 6d Aig a ectse his WAR e hw ke dhe bee a 
Angiographic Confirmation of Lateral Ventricle Meningiomas. A Re- 
port of Five Cases. Yun SuHanc Huana, and Cuisato ARAKI... 
Necrosis of Brain and Spinal Cord Following X-ray Therapy. N. 
Matamup, E. B. Botprey, W. K. Wetcn, and E. J. Fape tu... 
Peripheral Collateral Circulation Between Cerebral Arteries. A Dem- 
onstration by Angiography of the Meningeal Arterial Anasto- 
moses. HaroLD RosreGay, and Keastey WELCH............... 
A Modified Technique for Spinothalamic Cordotomy. WALLAcE B. 
er aL inser" Led esd hl eee Ja casa Nenad a enich ek We meh mec Sara ote 
Delayed Brain Abscess in Relation to Retained Intracranial Foreign 
Bodies. Joun H. Drew, and Cuarves A. FAGer 
Case Reports AND TECHNICAL NOTE: 

Nocardiosis with Multilocular Cerebellar Abscess. Report of a 
Cured Case. C. F. List, J. R. Witurams, C. B. Beeman, and 
Eee ee er ee eer re eee re 

Actinomycotic (Nocardia asteroides) Brain Abscess with Recovery. 
Case Report. Ratpu A. MuNSLOW..................00 cece ees 

Unusual Recovery Following Marked Dislocation of Lumbar Spine. 
Ce Ne: oni tnl cA Rah ehe aod aee so Ka eeme 

Arteriographic Demonstration of Collateral Circulation through 
Ophthalmic Artery in Internal Carotid Artery Thrombosis. Re- 
port of Two Cases. ERNEST SACHS, JR.............. 2.2 ee eee 

The Effect of Ventral Quadrant Section of the Cervical Cord on 


Hemiballismus. M. Hunter Brown, and M. N. Watsu........ 
Occipital Ependymoma with Extracranial Metastases. LyMan 
a lh Tota enn ame eee se PLee ea ius ek a eek ek 


Excision of Multisaccular Supratentorial Aneurysm of Infratentorial 
Origin. Case Report. ELpkIpnGE CAMPBELL, DoGAN PERESE, and 
SS COR CTR CE OTT EOP TOT TITER LRT 

Bilateral Angioma of Choroid Plexus. Case Report. T. H. McGuire, 
JAMES GREENWOOD, JR., and BERNE L. NEwTon............. 


312 
318 


323 


330 
332 


333 


337 


353 


363 


378 


386 


394 


399 


402 


405 


409 


413 





A Neurosurgical Instrument Table. Lyte A. Frencu, and GENE- 
on ei or oki eee PATER A ROE RR OAT 
Tc OS are kn aeRO SSS TAGE Po Ad RRS K SERN RE RS 


SEPTEMBER 1954. No. 5 


Pseudotumor Cerebri. GEorGE D. ZutpEMA, and SOLoMoN J. COHEN. . 
Percutaneous Vertebral Angiography. PreRRE NAMIN.............. 
Controlled Transorbital Leukotomy. Wiiut1am A. Nosik........... 
The Use of ACTH in Conjunction with Surgery for Neoplasms in the 
Parasellar Area. Joun Raar, Donavp L. Starnspy, and WILBUR 
ES ere bene ied hatha ky ae ath was Gata uw mC 
Production of Focal Destructive Lesions in the Central Nervous Sys- 
tem with Ultrasound. W. J. Fry, W. H. Mossere, Jr., J. W. Bar- 
sin Le eae ee weed aede oes 
A Clinical Experience with Meningiomas of the Brain. Francis C. 
aE Sa ch a ali ab Ni ed hive nh gt Saf ic EWS ake A 
Vascular Malformations in the Region of the Great Vein of Galen. 
Lye A. FrRENcu, and WitiiAM T. PEyTon................... 
Results of Decompression Operation for Trigeminal Neuralgia. J. 
GRAFTON Love, and HENpDRIK J. SVIEN 
Case Reports AND TECHNICAL NOTES: 
Acoustic Neuromas in Children. Report of 2 Cases. WincnELL 
Mck. Craic, Henry W. DoncGe, Jr., and Paut J. Ross........ 
Spinothalamic Tractotomy for Intractable Itching. C. W. Taytor. 
A Technic for Anastomosis of the Facial Nerve and Spinal Acces- 
sory Nerve. HeENpDRIK J. SvieN, and ANDREW L. KaRavirtis.... 
Glossopharyngeal Neuralgia Accompanied by Unconsciousness. 
a hs silk 4 A Re Hi AA Re A ne te aS 
A Clamp for Temporarily Occluding Small Blood Vessels. SAMUEL 
P. W. Buack, and WiiiiaM J. GERMAN..................204- 
I ane nae er ee ie ae ne Suan dead ea ace aR 


NOVEMBER 1954. No. 6 
Spinal Cord Injuries. A Review of the Early Treatment in 300 Con- 
secutive Cases During the Korean Conflict. Gorpon T. Wanna- 
i ce cicada inn Ace Gait bd ahs eA ER RA 
The Syndrome of Herniation of the Lower Thoracic Intervertebral 
Dises with Nerve Root and Spinal Cord Compression. A Presen- 
tation of Four Cases with a Review of the Literature, Methods of 
Diagnosis and Treatment. Josepn A. Epstein. ............... 
The Treatment of Spastic Paraplegia by Selective Spinal Cordectomy. 
Coun 5S. MacCarty 


The Syndrome of Acute Central Cervical Spinal Cord Injury with 
Special Reference to the Mechanisms Involved in Hyperextension 
Injuries of Cervical Spine. Ricnuarp C. ScHNEIDER, GLENN 
Cem, AE TOT PANTO... occ ccc cee tenneas 


430 
432 


433 
442 
458 


463 


488 


499 


505 


508 


509 


ori 


514 
516 


525 


539 








Nc 


In 





ww 


~ 


¥4 


— 


LG 





Concerning the Neural Mechanism of Parkinsonian Tremor. E. 
JEFFERSON Browper, and Harry A. KapLan................ 

Glucose Tolerance in Patients with Localized Lesions of the Central 
Nervous System. J. P. Seaunpo, E. Batea, and R. ARANA..... 

The Surgical Treatment of Headache and Atypical Facial Neuralgia. 
Bronson 8. Ray 


Some Complications of Vertebral Angiography. Oscar SuGAR, and 
Ss SL vlan st in guathgs ed Metin Sonee Ah wk OX 4S 
Total Removal of Intramedullary Tumors. James GREENWOOD, JR. . . 
Case Reports AND TECHNICAL NOTEs: 
Intramedullary Cryptococcic Granuloma of the Spinal Cord. B. 
RamMamurtul, and V. C. ANGULI 


Rupture of an Intracranial Aneurysm During Cerebral Angiography. 

I hk ok Kalbe ibn av boone ea needa em 

Spinal Cord Tumor in a Newborn. Dwicut Parkinson, Harry 

re rn 

A New Type of Tantalum Clip for Occluding Cerebral Blood Vessels. 

Burton L. Wisk, and Eviot D. GREEN...................... 
NOTICES 


633 
635 


637 











pla 
the 
chi 


Th 


nev 


Ho 
wo 
an 
issi 
the 
the 
stu 
the 


ing 


rec 
in 


Re 


ag 
it 1 
lok 
lar 
ali 


195: 





NEUROPHYSIOLOGICAL SYMPOSIUM* 


RECENT ADVANCES IN NEUROPHYSIOLOGY* 


JOHN F. FULTON, M.D. 
Department of the History of Medicine, Yale University School of Medicine, 
New Haven, Connecticut 


(Received for publication October 1, 1953) 


tion, Stanley Cobb’ did us the honor of referring in his presidential 
address to our work on the frontal lobes, and having his discussion well 
planned, he produced from his pocket a lantern slide which was thrown on 
the screen. I recognized it immediately as Becky, our first frontal lobe 
chimpanzee, and with apologies to Marlowe and Dr. Faustus, Cobb asked 


S tins years ago, at a meeting of the American Neurological Associa- 


“Was this the face that lopped ten thousand lobes, 
And burnt the topless towers of Ilium?” 


The gathering was rather taken aback, but even in a gallant audience of 
neurosurgeons, no one rushed forth to exclaim 


“Sweet Becky, make me immortal with a kiss.” 


However, our colleagues in this Society and elsewhere in the neurosurgical 
world have been courting Becky ever since and, I am sure, have now lopped 
another ten thousand lobes without being fully aware of some of the cosmic 
issues involved. I say this with no desire to be critical, but in the hope that 
those who are dealing surgically with mental disease will continue to study 
their patients with the same thoroughness with which chimpanzees are 
studied, for you have a much finer opportunity to gain insight into some of 
the basic problems of frontal lobe function than we who are limited to gain- 
ing information from inarticulate beasts. 

In arranging this program, Dr. MacLean and I have attempted to stress 
recent neurological advances of the past five years; my remarks will be based 
in part on a review on the somatic nervous system which appeared in Annual 
Review of Physiology” of 1953. 

At the San Francisco meeting of the Harvey Cushing Society five years 
ago I read a paper entitled “The frontal cortex and visceral pain” in which 
it was suggested that the reason why intractable pain was relieved by frontal 
lobotomy stemmed from the fact that the standard lobotomy interrupted a 
large system of ascending afferents from blood vessels and the hollow viscera. 
A number of friendly members of the Society assured me that I was gener- 
alizing beyond available data (which was of course true) and the com- 


* Presented at the annual meeting of the Harvey Cushing Society, Hollywood, Florida, April 23, 
1953. 
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munication has remained unpublished. The paper carried the following 
summary: 

“The concept which I have placed before you recognizes somatic pain as pertain- 
ing to the spinothalamic system, and it suggests that the autonomic afferents— 
responsible for visceral pain as well as the other sensory modalities in the visceral 
sphere—pass up the spinal cord, probably in discrete pathways, and give rise to a 
true spinohypothalamic system which passes through the medulla and pons along- 
side the medial lemniscus as the mammillary peduncle. It also recognizes the fronto- 
orbital cortex as the principal autonomic center of the forebrain.” 


Perhaps the most important development in neurophysiology of the past 
five vears has been the clear-cut separation of the limbic system, or “‘visceral 
brain” as MacLean” has designated it, from the neocortex which is con- 
cerned with higher intellectual functions. The limbic system, according to 
Broca’s original definition, lies within the boundaries of the limbic fissure 
and includes such midline structures as the pyriform area, the hippocampal 
gyrus, the hippocampus itself, the parasplenial, cingulate, and subcallosal 
gyri. While by definition the insula, temporal pole, and the medial and pos- 
terior orbital gyri are strictly speaking outside the limbic lobe, these areas 
are histologically and functionally akin to the pyriform. The limbic system 
projects to various subcortical areas such as the amygdala, anterior thalamic 
nuclei, the hypothalamus, the basal ganglia and various pontine structures. 
Dr. MacLean deals more at length with the reactions that follow upon stimu- 
lation and ablation of various elements in the limbic complex.”! 

LIMBIC AFFERENTS 

It is customary to believe that the chief ascending systems in the fore- 
brain pass by the medial lemniscus to the ventral nuclei of the thalamus and 
thence in precise topographical fashion to the pre- and postcentral convolu- 
tions of the cerebrum. Little attention has been given in the past to other 
possible afferent channels passing to the hypothalamus and related struc- 
tures. Bronk and his associates® showed that stimulation of certain medul- 
lary nuclei activates various elements of the hypothalamic complex. Amas- 
sian!» and others found on stimulation of the central end of the splanchnic 
that the sensory trunk area of the postcentral convolution was activated but 
that other and slower fibers in the splanchnic activated the hypothalamic 
area, and that the fibers in question did not pass to the thalamus as such. 
A detailed study of the afferent paths from the vagus in the forebrain has 
recently been made by Dell, who finds specific and nonspecific autonomic 
projections passing to the forebrain in the cat, the specific projections 
(homologue of the classical projections of the somatic system) passing to the 
posterior orbital gyrus (latency 8 to 10 msec.), thus confirming Bailey and 
Bremer—this after relay in the most medial part of the nucleus ventralis 
posterolateralis (latency 5 to 6 msec.). The nonspecific autonomic projec- 
tions, passing to regions which they have in common with the nonspecific 
somatic projections, have been traced to many parts of the brain stem, the 
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thalamus and the basal ganglion. One group of projections (latency 8 to 10 
msec.) passes to the lobulus simplex of the cerebellum. 

In the work of Dell and Amassian and the more recent studies of Mac- 
Lean and Delgado” we thus have convincing evidence in support of the 
hypothesis that the relief of pain following lobotomy may result from inter- 
ruption of afferent fibers passing to the limbic complex. It is evident, 
furthermore, that many of these fibers are well localized, passing for the 
most part in the medial ventral quadrant of the frontal lobe to the insula 
and orbital gyri. In behavioral studies presented at the 1953 Federation 
meetings in Chicago Delgado and Rosvold* reported that monkeys trained 
in visual discrimination and also in an alternation test suffered no deficit 
when medial structures in the superior part of the frontal lobe were de- 
stroyed, but that when lesions were made in a sharply localized focus of the 
medial ventral quadrant the monkeys failed in the alternation test while the 
visual discrimination habit continued unimpaired. Following bilateral 
lesions of the medial ventral quadrant, the animals also showed behavioral 
changes, but they did not exhibit the “intellectual” deficits seen in animals 
that have been subjected to a bilateral radical lobotomy. These observations 
are in keeping with those of Grantham,” who finds in man that medially 
placed lesions tend to be as effective in relieving pain and also certain psy- 
choses as the more radical standard lobotomy and are followed by less intel- 
lectual deterioration. Since such restricted lesions do not involve projections 
to the neocortex they will come, I believe, to replace the radical standard 
lobotomy. 

But the theoretical implications of these ascending autonomic afferents 
are far greater than this immediate practical application in relieving pain. 
As MacLean points out,”! they must provide the anatomical basis of the aura 
and various viscerally projected sensations that accompany the psychomotor 
epilepsies. 


PYRAMIDAL AFFERENTS 


Another surprising disclosure made within the past year by Brodal, 
Kaada and others in Oslo lies in the clear-cut proof that at least 4 per cent 
of the fibers in the pyramidal tract are afferent rather than motor. Brodal 
and Walberg,® using the Glees silver impregnation technique, believed that 
they had demonstrated the existence of ascending fibers in the cat’s pyramid, 
originating for the most part in the upper extremities and projecting 
directly to the sensory cortex via the internal capsule, bypassing the thala- 
mus. This paper evoked considerable comment, some of it highly skeptical. 
Brodal and Kaada, however, now find electrical evidence of ascending ele- 
ments in the pyramid, the details of which are described in the Journal of 
Neurophysiology 34 

“The electrical activity set up in the pyramidal tract fibers by an afferent volley 
from various cutaneous and muscular nerves consists of several positive deflections 
followed by a low-voltage negative wave. The responses to stimulation of cutaneous 
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nerves are considerably larger than those evoked from muscular nerves and show 
more distinct deflections, suggesting the presence of groups of fibers of different 
conduction velocities. There are striking similarities between the ascending and 
descending pyramidal fiber systems. Thus, the majority of ascending fibers, like the 
descending ones, appears to be crossed; further, the pyramidal response is greater 
when stimulating nerves of the forelimbs than of the hindlimbs and greater when 
induced from nerves supplying the distal parts of the limbs than from nerves inner- 
vating the proximal parts; the termination of the ascending fibers in the cerebral 
cortex finally is much the same as the origin of the descending pyramidal fibers. 
The suggestion is ventured that they are in some way of importance for the coordi- 
nation of differentiated, skilled movements, and further that they may represent 
the still unknown afferent path in the plantar and abdominal reflexes and in the 
placing and hopping reactions.” 


With the neocortex and limbic systems properly separated at the cortical 
level, it is now possible to proceed more conventionally from the spinal level 
rostrally. 

OTHER LEVELS OF FUNCTION 


Spinal Cord. Since the end of World War II there has been a vast change 
of attitude toward cases of spinal transection, this being attributable largely 
to the application of sound physiological principles in the management of 
such paraplegics. Through careful nursing, avoidance of infection and of the 
overdistended bladder, reflexes begin to return sometimes after only a few 
days, and after a month or two the extensor reflexes, as Freeman,!°" Kuhn 
and Macht,'* and others have shown, begin to be almost as brisk as the flexor 
reactions. Such patients may become ambulatory, and with hand-controls 
some have learned to drive cars and airplanes, and there are a number of 
instances of men with complete spinal transection who have married and had 
children. 

Physiological studies on animals indicate that the character of a given 
spinal reflex evoked from the skin surface depends upon the area of skin 
stimulated. Thus Hagbarth" finds that the extensor muscles are excited 
from most skin areas of the limb but are inhibited from the skin lying over 
the muscle itself. This observation undoubtedly has clinical implications 
which as far as I am aware have not yet been studied. 

In a series of notable papers on the stretch reflex, Granit and his pupils’: 
in Sweden have established the muscle spindle as unmistakably the stretch 
afferent but they find that the degree of its responsiveness in any particular 
instance is governed by motor innervation by gamma fibers from the spinal 
cord. The responsiveness of the spindles is thus determined by influence of 
central origin. 

Reticular Formation. One of the most significant disclosures in the recent 
history of neurophysiology is the important role played by the reticular 
formation in coordination of posture and locomotion through interplay of its 

vast facilitatory and inhibitory areas both on spinal neurons and on those of 
the cerebral cortex. Magoun and his associates”*:**> have been largely re- 
sponsible for elucidating the function of this important region of the brain 
stem. The nature of the interaction occurring between the reticular forma- 
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ion and other parts of the central nervous system is shown in Magoun’s 
liagram (Fig. 1) which indicates that the neocortex and probably also the 
imbie system play upon the reticular centers as does the cerebellum. The 
‘linical implications of Magoun’s work are not yet fully appreciated but it is 


Fic. 1. Reconstruction of the cat’s brain showing the suppressor and facilitatory systems concerned 
n spasticity. Suppressor pathways are 1: cortico-bulbo-reticular, 2: caudato-spinal, 3: cerebello-reticular, 


+: reticulo-spinal. Facilitatory pathways are 5: reticulo-spinal, 6: vestibulo-spinal. (Reproduced from 
Lindsley, Schreiner, and Magoun.’’) 


clear that the poliomyelitis virus as well as that of encephalitis has a remark- 
able affinity for the reticular formation which no doubt accounts for many 
of the bizarre symptoms encountered in the early stages of these diseases. 
In a series of seven consecutive fatal cases of bulbar poliomyelitis the major 
pathology was largely restricted to the reticular formation.?* 


SUMMARY 

A clear-cut distinction can now be made between the two great systems 
of the forebrain: (i) the phylogenetically ancient limbic complex which is 
concerned with autonomic reactions involved in emotional expression and 
only secondarily with intellectual function, and (ii) the somatic neocortex 
which presides primarily over higher intellectual functions. Both systems 
are to be found in the anatomical frontal lobe. Lesions restricted to the fron- 
tal limbic system cause little or no impairment in intellectual functions such 
as visual discriminatory capacity, but such lesions do affect emotional be- 
havior and to a limited extent such learned habits as those involved in double 
alternation. 

The essential pathways to and from the limbic system pass in a discrete 
area in the medial ventral quadrant of the frontal lobe which can be inter- 
rupted in both animals and man by electrocoagulation. In one of Delgado’s 
human subjects, intractable pain was dramatically relieved by a small bi- 
lateral lesion in this area, the relief having continued for an 18-month 
period. The gross intellectual deterioration that follows radical lobotomy is 
not seen with these small medial ventral lesions. 
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Other advances in neurophysiology in the past five years have led to 
deeper understanding of spinal reflexes and their mode of operation in th 
human paraplegic. There has also been notable clarification of cerebella: 
function and of the functional activity of the reticular formation—all « 
which bids fair to increase our understanding of many obscure neurologica 
disease entities, and through that knowledge to extend sound therapy 
neurosurgical and otherwise. 
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HIS paper reports observations on 34 humans and 6 cats in whom an 
attempt was made to demonstrate the presence or absence of “‘sup- 
oT aie ; ; ; 
pression” in (a) wakeful subjects, (b) subjects under general anesthesia, 
and (c) unanesthetized but unconscious (postictal) subjects. Cortical and 
subcortical structures were stimulated electrically and by strychnine and/or 
were extirpated. No “suppression” was noted. 


DEFINITION 
The phenomena of suppression are asserted to constitute a form of in- 
hibition!:*.*5.2>.28 having spatial and temporal characteristics by which they 


may be clearly distinguished from refractory period, extinction, decrement 
of fatigue and the reciprocal innervation of Sherrington.’*> They are as- 
sertedly mediated by certain narrow, well delineated bands of cerebral cor- 
tex, called 4s, 8s, 2 or 2s, 19 or 19s and 24.'%-17.76.27.2 Tt has recently been pro- 
posed that the posterior orbital gyri be added.7* Among these, 4s has been 
the most intensively studied and findings relative to it have generally been 
regarded as the model for all other “suppressor areas.” 

The manifestations of “suppression” are describable under three headings 
as follows. 

1. Spasticity conforming to Walshe’s® criteria and following extirpation 
of a suppressor area.”!:*+;%> (Actually this has been claimed only in connection 
with 4s.) 2. Electrical suppression, amounting virtually to isopotentiality of 
the prevailing electrical activity of the sensorimotor cortex (excepting only 
the suppressor area itself), following electrical or strychnine stimulation of a 
suppressor area.’ 3. Motor suppression following electrical or strychnine 
stimulation of a suppressor area. This is exhibited as (a) diminution of muscle 
tension, i.e., resting or postural myotonus;” “47 (b) reduction or abolition of 
the vigor of skeletal muscle contractions occurring spontaneously or induced 
by electrical stimulation of the “motor” cortex;?!:??:28:35.49.8 (@) elevation of 


* Presented with motion picture illustrations at the meeting of the Harvey Cushing Society, April 
23, 1953, Hollywood, Florida, under the title “Subcortical mechanism of motor suppression in the human: 
its non-dependence upon caudate nucleus, subcallosal fasciculus and anterior limb of internal capsule.” 


7 





8 MEYERS, KNOTT, SKULTETY AND IMLER 


the threshold of excitability of the “motor” cortex;”?*:*7 (d) depression or 
abolition of after-discharge caused by electrical stimulation of the “motor” 
cortex,?*:“6-47.82 and (e) depression of tendon*®:*°*” and corneal reflexes.*’ 

Although more conspicuously contralateral, “electrical”? and “‘motor” 
suppressions are said to occur bilaterally® and to exhibit a latency of from 
4 seconds to 12 minutes, with an average of 4 minutes.” Latency is said 
to be influenced by (a) depth of anesthesia (the lighter, the shorter) ,’°!"* 
(b) type of stimulus (being shorter for electrical than for strychnine stim- 
uli)!7-49 and (c) strength of stimulus (the stronger, the shorter).*? Suppressor 
effects supposedly persist for 4 to 5 minutes or longer '°:'7: and are incapable 
of reinstatement for periods up to 35 minutes.'®" 

The process of suppression is said to be “clearly extrapyramidal .. . 
offering an approach to reciprocal innervation.’’®3:%.53 Because all muscles of 
paired sets, i.e. agonists and antagonists, are relaxed, such reciprocal inner- 

vation is conceived as existing between the pyramidal and extrapyramidal 
systems rather than as being Sherringtonian in nature.'*".”.»-* Suppression 
is supposed to lend “easy initiation” to all voluntary movement.* 


HISTORY 


The notion that stimulation of parts of the frontal lobes might prevent 
or arrest movements consequent upon stimulation of the “motor” and “pre- 
motor” cortex or might raise the threshold of excitability of the monkey’s 
“motor area” was advanced in 1919 by Vogt and Vogt.*! The phenomenon 
was evidently again observed but not reported upon in 1934-1936 by Dusser 
de Barenne and McCulloch*:'® and a similar observation was made in the 
decerebellate cat in 1935 by Rioch and Rosenblueth.* However, the first 
precise delineation of an anatomic region from which suppressor phenomena 
are elicitable was described in 1936 and 1937 by Hines.**:* She claimed that 
extirpation of a narrow strip of cortex between Areas 4 and 6 of the monkey 
resulted in spasticity without paresis or forced grasping and that its stimula- 
tion arrested cortically incited movements and relaxed the postural contrac- 
tion of muscles. Her reports prompted Dusser de Barenne, Garol, McCulloch 
and associates to intensive investigations in the monkey, chimpanzee and 
cat. These workers employed not only electrical stimuli but technics of 
strychnine (“physiological’’) neuronography":”°4 and electrography of the 
cortex and subcortical structures. Incidental to their efforts to find the 
anatomic counterparts of suppression, they differentiated sharply between 


electrical and motor suppression and described independent paths for 
each 18, 21,23,47 49,51 


They and other authors'*.?>.3%-71.74,80.87 also reported the anterior cingu- 
late cortex, Area 24, to be a powerful bilateral suppressor of electrical and 
motor activity in the monkey, cat and human. Hines* formulated the doc- 
trine that the normal function of the strip area is to inhibit the appearance of 
hypertonus, especially extension, clonus and brisk irradiating reflexes. 

In 1949, Kennard® hailed the discovery of suppressor mechanisms as 
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‘the most significant alteration in current concepts of cortical interrelations” 
:nd said that although suppression had not as yet been verified by isolated 
 blation in man it is logical to suppose that it exists and will be found. 


PHYSIOLOGIC FINDINGS 


The following physiological observations have been recorded by various 

vriters. 

1. The type of spasticity “released” by ablation of Area 4s is essentially an exag- 
eration of the stretch reflex, characterized by the clasp-knife effect. It is maximal in 

he flexors of the elbow, extensors of the knee and adductors of the hip. All limbs 

.re assertedly affected and bilateral removal gives permanent results. Paresis, if 
-ny, is slight and very transient. No grasp reflex appears. Contractures are 
light. 34.35.54 

2. If to previous ablation of Area 6 ablation of 4s be added, the clasp-knife effect 
s lost and resistance to passive movement becomes virtually equal in agonistic- 
: ntagonistic pairs.* 

3. If to previous ablation of Area 4, ablation of 4s be added, contractures become 

evere within 2 to 3 months, chiefly at the wrist and ankle,* but not in the digits. 

4. Stimulation of 4s provokes no movements; on the contrary, it abolishes pre- 

‘ailing motor activity.?3 44% 

5. After acute section of the medullary pyramids (=“‘loss of the corticospinal 
iract’’), stimulation of 4s continues to elicit relaxation of muscle tone.** 

6. In the cortex, stimulation of 4s produces “spikes” in 4s only. It suppresses 
electrical potentials elsewhere in the sensorimotor cortex and in the lateral nuclei of 
the thalamus, bilaterally.*.°*!°3 Spikes also appear in the caudate nucleus and bul- 
bar reticular (“inhibitory”) formation dorsomedial to the inferior olives.??.?%5°5! 
They are not detectable in the putamen, globus pallidus or substantia nigra.?° ** 

7. A linear surgical section 12 mm. deep between 4s and 4 or a surgical “ring” 
encompassing 4s fails to abolish the effects described above: hence, they do not de- 
pend upon cortico-cortical connections.2°:23 

8. Subcortical undercutting deep to 4s abolishes the effects described in 6 above; 
hence, corticofugal fibers from 4s must be essential components of the suppressor 
mechanism.?°:8 

9. Stimulation of the caudate head suppresses electrical activity in both the 
thalamus and sensorimotor cortex, including Area 4.2°.23.49 

10. A surgical lesion (“‘pithing’’) in the caudate head interferes with the capacity 
of a stimulus applied to 4s to suppress electrical activity of 4. The larger the lesion 
the longer is the duration of such interference; hence, the caudate nucleus appears 
to be essential to electrical suppression. Lesions in the putamen, globus pallidus and 
substantia nigra do not block electrical suppression; hence, these structures must be 
unessential.?! 

11. Lesions of the caudate nucleus, putamen, globus pallidus, substantia nigra, 
corpus callosum, anterior commissure, medial thalamic nuclei and cerebellum do not 
prevent motor suppression; hence, these structures must be unessential.”'* (It 
should be remarked, however, that except for the cerebellum nothing like complete 
or discrete destruction of these nuclei has ever been reported.) 

12. Lesions of the ventroposterolateral nuclei of the thalamus interfere with 
electrical, but not motor suppression.*® 
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13. Stimulation of the ventroposterolateral nuclei of the thalamus electrical]: 
activates the sensorimotor cortex. However, antecedent interruption of thalamo 
cortical radiations interferes with the phenomenon.”! 

14. Lesions of the lateral thalamic nuclei tend to “silence” the electrical poten 
tials of the sensorimotor cortex.?°-” 

15. Stimulation of Area 4 or 6 does not produce “‘spikes”’ in the caudate nucleus 
although the latter appear in other identifiable portions of the striopallidum.'*'*: 

16. Surgical section of the midbrain peduncles prevents the appearance o 
*‘spikes”’ in the bulbar reticular formation after stimulation of 4s. Section of the med 
ullary pyramids results in no such blocking.®° 

It should be remarked that the experiments summarized above were invariabl) 
implemented under general (Dial) anesthesia. Moreover, electrical and motor sup- 
pressor phenomena characteristically appeared only hours after exposure of the cortex 
—optimally, 18 or more, according to Gellhorn.**-*! 

17. If electrical stimulation of the striatum in the cat or monkey is imposed upon 
a background of posture or movement, muscular contraction “‘melts away.” 66 

18. In the presence of spasticity consequent upon experimental cortical lesions, 
ablation of the striatum greatly augments the pre-existing hypertonus."! “57° 


ANATOMIC FINDINGS 


The description of the locus of 4s set forth by Dusser de Barenne and 
McCulloch” is here quoted verbatim. 


Our 4s lies as a narrow band of cortex . . . extending from the posterior end of 
the arcuate sulcus (monkey) through the posterior portion of the precentral sulcus 
and continues onto the medial aspect of the hemisphere. No landmark on the surface 
corresponds to the anterior border of 4s. It measures 3 to 4 mm. wide at the top and 
2 mm. at the bottom. .. . It resembles Hines’ strip area. 


Von Bonin’ added that 4s is “mostly buried in the superior precentral 
sulcus.” In the chimpanzee, however, the area is said to be wider and more 
readily accessible on the surface.17"47 

ry. . . . 

The relevant microscopic data may be summarized as follows. 


1. Area 4s is a part of the area frontalis agranularis, architectonically similar to 
Area 4 but having many fewer Betz cells.*4-*7°4 It is distinguishable from Area 4 
behind and 6 in front by “very large cells in the upper part of Layer IV.’ 

2. Fibers from Area 4 (in the inclusive sense used by older anatomists) have 
been assertedly traced in the monkey through the stratum zonale to the caudate 
nucleus.** Kennard*? quoted Ramén y Cajal’s finding of “collaterals” entering the 
basal ganglia from the adjacent internal capsule and Glees*® assertedly extirpated 
the suppressor areas of the cat, following which he could trace non-myelinated fibers 
through the internal capsule to the putamen and caudate nucleus. 

3. Mettler®®-*.6° described corticostriate fibers from the frontal lobes of the 
monkey and baboon which reach the neostriatum via the subcallosal fasciculus. 

4. Using Marchi’s stain after thermocoagulation of 4s in the monkey, Verhaar' 
and Kennard®:* were unable to trace degenerating fibers into the caudate nucleus 
However, they reported many such fibers coursing through the corticospinal tract 
to the level of the pons, whence they played out in the medial bulbar reticular for 
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mation and medial longitudinal fasciculus. A. A. Ward*:*? found a similar distribu- 
tion of fibers derived from Area 24. No degenerating fibers were traced into the 
<pinal cord. 

5. In 1926, Papez”® traced reticulospinal fibers from the bulbar reticular forma- 
tion through the ventral and lateral funiculi of the cord to the internuncial pools 
: bout the anterior horns. 


CONCEIVED PATHWAYS OF SUPPRESSION 

Piecing the above data together, numerous authors? :*:!6—18.20—23.42, 48, 48-90, 54 
liave proposed theories concerning the neural pathways involved in sup- 
pression. With minor modifications*:**:*-*" these take the following forms. 

Electrical suppression involves the suppressor areas; corticostriate fibers 

ia the internal capsule and/or subcallosal fasciculus; various portions of 
he caudate nucleus (the head for 8s, 4s and 24, the body for 2s and the tail 
or 19); an as yet unidentified striatothalamic pathway”! which probably 
passes through the globus pallidus and putamen; the ventroposterolateral 
iuclei of the thalamus; and the thalamocortical radiation to the sensorimotor 
cortex. Motor suppression involves the suppressor areas; corticofugal fibers 
vhich run with the pyramidal fibers through the internal capsule and pedun- 
cles as far as the anterior pontine border, there to turn dorsally to end in 
he bulbar reticular feltwork and the medial longitudinal fasciculus; reticulo- 
:pinal fibers to the internuncial pools of the spinal cord; and possibly a 
corticopetal “feedback” circuit arising from the bulbar reticular formation. 
EVIDENCE OF SUPPRESSION IN THE HUMAN 

In 1944 Garol and Bucy” claimed first demonstration of suppression in a 
human. Their patient was under light ether. They described a region just 
anterior to the left precentral gyrus and inferior to the posterior part of the 
superior frontal sulcus which, upon being stimulated, immediately inhibited 
the resting contraction of the contralateral upper limb and “greatly aug- 
mented” the threshold of excitability of Area 4. Presumably, this region is 
the counterpart of 4s in laboratory animals. Its suppressor effects were said 
to persist “for some minutes” after stimulation. Few quantitative data were 
cited and no studies of alterations in motor power, cortical electrical poten- 
tials, cortical after-discharge, deep-seated structures or deep and superficial 
reflexes were reported. The authors concluded, “‘Further studies must be 
conducted to determine the mechanism involved in the suppression of motor 
response and any possible relation of the corpus striatum to that phenome- 
non.’ Since then other cases of humans exhibiting phenomena interpreted 
as “‘suppression”’ have been observed*:**.**.® but thus far no report has been 
sufficiently cogent to convince the skeptically oriented. 

Despite the conspicuously equivocal nature of currently available data, 
diagrams of the human brain have appeared in which Area 4s is depicted? 
by mosaic devices in precisely the same manner as that used to represent 
the “‘motor’” (Area 4) and visual (Area 17) cortex. Recent textbooks of 
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human neuroanatomy*:*:”* describe the 4s region in the human with much th: 
same confidence as that used for the red nucleus and inferior olives. 


THEORETICAL NEUROLOGY AND CLINICAL APPLICATIONS 


The advent of the concept of suppression has prompted the developmen: 
of several hypotheses concerning the pathogenesis of perplexing clinica 
neurological disorders. The earliest and best known of these are Bucy’ 
theories of paralysis agitans and choreo-athetosis.”"* A similar theory o! 
hemiballism was ventured by the present writer®:™ in 1949. In addition 
after plotting out the sites of brain perforation in 138 cases of head wounds 
followed by epilepsy and 228 patients free of seizures, Russell” tentativel 
suggested that damage to the suppressor areas might predispose to epilepsy 
He recommended further intensive pursuit of the problem. 

Such theories have, of course, inevitable practical consequences. Wyke,’ 
for example, performed numerous operations for parkinsonism by subcortical! 
linear section of U-fibers anterior to 4s. The procedure appears by now to 
have been abandoned. Bucy*:* expressed the conviction that to be effective 
for the abolition of tremor surgical procedures must largely interrupt at 
some level the pyramidal tract, hence must entail considerable pyramidal 
deficit. If his concept is correct, a matter as yet unresolved,®:®:© certain 
limitations as to the selection of surgical candidates and prognosis inevitably 
follow. 


CONTRARY DATA 

As noted above, virtually all physiological findings referable to electrical 
and motor suppression have been reached under the compromising condi- 
tions of general anesthesia, sometimes only after long exposure of the brain. 
In 1948-1950, G. Clark and J. Ward,*:!° J. Ward*® and others reported failure 
to observe ‘“‘anything resembling suppression” in unanesthetized monkeys 
and dogs in whom implanted electrodes were used. (Their studies were con- 
fined to “motor” suppression.) J. Ward®° later wrote that he had never seen 
any evidence of suppression or inhibition of motor activity from stimulation 
of the caudate nucleus in the monkey or cat. 

In 1950, Penfield and Rasmussen,’ employing unanesthetized human 
subjects, remarked in passing, “Stimulation has in our hands cast no light 
upon the existence of a repressor strip, 4s of Marion Hines. . . . ’’ Their ob- 
servations did not, however, extend to subcortical structures. 

In a critical review of the whole subject up to 1952 and as a result of 
independent study in a series of cats, Druckman” failed to find support fo: 
the prevailing notions of “suppressor strips” and “suppression.” 

As to the effects of extirpation, Mettler and Pool® reported negative re- 
sults upon removal of “the rostral portion” of Area 4 in a human. It is 
not, however, certain that the tissue Pool removed corresponds topographi- 
cally to that described by Garol and Bucy”® and depicted in von Bonin’s 
diagram.” 
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Reports on extirpations and/or undercutting of the anterior cingulate 
egion in the human now amount to over 110 cases.":*:7*:*! In none of these 
was spasticity or hyperkinetic “release” reported. Similar remarks hold in 
he case of monkeys from whom Area 24 has been removed.**:*!:*:88 In one 
f A. A. Ward’s monkeys, all 5 suppressor strips were claimed to have been 
iblated. The animal became “‘tame” but apparently exhibited neither 
spasticity nor hyperkinesia. 

Whitty e¢ al.” stimulated Area 24 in a small series of humans without 
producing any signs of “motor” suppression. 

Thus, a small but stubborn body of negative data precludes as of the 
resent tacit acceptance of the suppressor strip doctrine. 

THE PROBLEM 

The question now arises as to whether suppression represents a mecha- 
nism of inhibition that plays a regular role in the wakeful subject or a mere 
artefact of the differential effects of certain anesthetic agents!® or of other 
adverse conditions imposed upon the organism by the experiment itself. 
Up to the present no attempts to deal directly with these questions and their 
corollaries concerning the subcortical mechanism(s) of suppression in the 
human have been reported. The present writers accordingly attempted to 
answer the following: 

(1) Can ablational, electrical and/or motor suppression be demonstrated 
in re “Area 4s” in the human? (2) If so, what influence, if any, does general 
anesthesia or “unconsciousness” not caused by anesthesia exert in re the 
readiness with which electrical and motor suppression can be demonstrated? 
(3) What subcortical roles, if any, are played by the caudate nucleus, an- 
terior limb of internal capsule and subcallosal fasciculus? 


METHODS AND MATERIALS 


Data were sought from two sources: (1) stimulation by electric current 
and/or strychnine and (2) surgical extirpation at cortical and subcortical 
levels. 


1. Stimulation Studies in the Human. After wide exposure of the hemisphere of 
one or both sides from the superior temporal gyrus laterally to the falx medially and 
from a coronal plane approximately 3 cm. behind the frontal pole anteriorly to a 
plane corresponding to the posterior crus of the supramarginal gyrus posteriorly, 
control observations were made with reference to (a) postural set of the upper limb(s) 
in repose; (b) briskness of deep reflexes; (c) motor power as measured dynamometri- 
cally in the 6 patients under local anesthesia; and (d) simultaneous electrocorticogra- 
phy at 9 or more representative cortical sites, using spring-equipped silver ball 
pick-up electrodes set in a Marshall carriage fixed to the skull. The ‘‘motor” cortex 
(Area 47) corresponding to the digits, hand and forearm of the contralateral upper 
limb was delineated by means of bipolar Ag electrodes 3 mm. apart. Parameters 
were 50 or 60 cps, biphasic saw-tooth and/or sinusoidal waves, pulse duration 2 or 
5 ms and stimulus duration 4 to 5 sec. (approx.). When, after several repetitions, 
the threshold value had been ascertained, the stimulus strength was increased 
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slightly (approx. }v) to offset the effects of small ‘‘spontaneous”’ variations in ex- 
citability. Intervals of 2 to 5 min., sufficient to permit subsidence of facilitation 
and extinction, were allowed between successive stimuli.’* Representative regions 
of the remainder of the exposed cortex were next explored at slightly-above-threshold 
values to determine whether subjective or objective responses were elicitable. None 
was. 

It was soon found desirable to regulate the voltage as delivered to the tissue (in 
contrast to dial readings) by interposing a cathode ray oscilloscope between the 
stimulator and the stimulating electrodes. Such was employed in the final 5 humans 
of the series (in whom the most satisfactory experimental conditions obtained) and 
in the cat series. 

The “motor” cortex (““4y”) having been thus delineated, “‘4s”’ was grossly en- 
visioned in accord with landmarks previously described.?:7:5:'7:7!.2847.65 The “4s” 
strip was then minutely explored with stimulating electrodes delivering physical 
energies more than double those of the threshold values of the “motor” cortex. In 
addition, the cortex adjacent to ‘‘4s’”’ was explored for fully 1 em. beyond its envi- 
sioned anterior and posterioranargins, by which means it was hoped to * 
individual anatomic variations of ‘‘4s.” 


’ 


“cover” 


Cortical potentials including induced after-discharges were recorded in all ex- 
periments by an ink-writing Model II Grass EEG. The operative team and ob- 
servers were kept intact. 

The effectiveness of stimuli on postural set, muscle “‘tonus” (as estimated by 
the flail test), biceps humerus reflexes and “volitional” motor power (dynamomet- 
rically recorded) were repeatedly made and compared with “control” performances. 

Data were first acquired under conditions of electrical stimulation, after which 
comparable data were acquired under conditions of stimulation by 3 per cent strych- 
nine phosphate applied to the “4s” strip by moistening a 4X10 mm. piece of filter 
paper and adopting precautions against diffusion of the strychnine as recommended 
by Dusser de Barenne ef al. In one case (M.J.) strychnine was also applied by intra- 
cortical injection of 0.3 mm. into the anterior bank of “‘4s.” 

In the next phase of inquiry the head and body of the caudate nucleus were ex- 
posed to direct vision through a 3 cm. corticotranscallosal incision running in a sagit- 
tal plane 2 cm. from the midline near the anterior margin of the operative field. A 
slender insulated shaft bearing 4 silver-ring pick-up electrodes each 0.5 em. from its 
neighbor(s) was inserted into the posterior half of the caudate head and fixed in situ 
(Fig. 1). 

“Control” procedures were now repeated in the order above described, following 
which electrical stimulation of ‘‘4y” and electrical and strychnine stimulations of 
“4s” were carried out. In this way electrocaudatography was performed simultane- 
ously with electrocorticography. 

The posterior half of the caudate nucleus was then stimulated (a) electrically 
with the same or “stronger” parameters than those employed on “‘4s” and (b) by 
strychnine applied by filter paper on its ependymal surface and/or injected in 
quantities of 0.2 to 1.4 ml. close to the pick-up electrodes. 

All crucial observations were continued for periods of 15 to 25 min. before new 
stimuli were employed. The purpose of this was to allow ample time for latency of 
suppression to pass off. 


The subjects studied were patients undergoing open psychosurgery 
(standard lobotomy, cingulectomy) for major psychoses or lobotomy for 
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Fic. 1. Experimental set-up, patient L.B., showing right hemisphere exposed with cortical pick-up 
electrodes in situ and Marshall carriage fixed to edge of skull. An incision may be seen in the anterior 
frontal cortex through which deep pick-up electrodes have been inserted under direct vision into the 
head of the caudate nucleus. 


intractable pain. The studies described above were always completed be- 
fore the intended therapeutic surgical maneuvers were executed. In all, 10 
such studies were performed, 6 on patients during “local” (1 per cent pro- 
raine HCl), and 4 during light ether anesthesia without preliminary medica- 
tion. Attention was directed at keeping the “level” of anesthesia as constant 
as modern facilities permit (Table 1). 


TABLE 1 


Threshold Stimulus Stimulus to 
to “4s” Caudate 


Patient, Age, ‘ P ; 
: & Diagnosis Anesthesia 


my Schizophr. Cat. Local 

ey Schizophr. Par. Local 

r. M Schizophr. Heb. Local 
Manic-Depr. Ether 
Schizophr. Mix. Ether 
Schizophr. Heb. Local 
Schizophr. Heb. Ether 
Intract. Pain Local 
Schizophr. Heb. Local 
Manic-Depr. Ether 


bv, 12s bv, 
t-6v, 15s tv, 
7.0v, 15s 7.0v, 
13v, 14s 13v, 
9-l4v, 20s 9v, 
5v, 15s 5v, 
9-12v, 20s 8.5v, s 
qv, 12s Strychn. only 
Sv, s 3v, l4s 
6-8 v, 5s Strychn. only 
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In 4 cases the design of experiment was fully realized. In 4 others it fell 
somewhat short of full realization but was still satisfactory. In the 2 remain- 
ing, observations had to be curtailed before satisfactory execution of experi- 
mental design because of the development of instrumental defects, uncooper- 
ativeness on the part of the patient and/or inadvertent seizures. Even in 
these instances, however, some informative data were acquired. 
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Fig. 2. Electrocorticography and electrocaudatography 5 minutes after application of strychnine 
phosphate 3 per cent to Area “4s,” showing spikes in ‘‘4s”” with no evoked spikes or other potentials in 
the caudate nucleus and no evidence of electrical suppression in other regions of the sensorimotor cortex. 
The recordings were continued for 25 minutes without essential change. This patient, G.S., was under 
light ether anesthesia. Similar pee ec were obtained in patients under local anesthesia only. 


Results. Despite the appearance of recordable after-discharges and good 
“spikes” at “4s” and/or the caudate head, 


_ “a reduction in electrical potentials of the sensorimotor cortex was observed 
(Fig. 2 ; (2) no elevation or other alteration of threshold of excitability of th« 
rt cortex “4y”" was observed; (3) no obliteration of after-discharges in “‘4y’ 
r ‘4a’? was observed; (4) no alterations in biceps jerk, “volitional” motor power 
“muscle tonus” or postural set were observed beyond trial-by-trial variations 
demonstrated in the ‘‘control” periods; and (5) following adequate stimulation o! 
“4s,” no spikes or other signs of evoked electrical activity were recorded in the 
~audate head (Fig. 3). 
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Fic. 3. Electrocorticography and electrocaudatography 4 minutes after injection of 0.3 ml. aiail 
nine phosphate 3 per cent into head of caudate nucleus, near deep pick-up electrodes, showing spikes 
in caudate head but no electrical suppression of the sensorimotor cortex. The recordings continued 
essentially unchanged during 20 minutes. This patient, A.H., was under light ether anesthesia. Similar 
recordings were obtained in patients under local anesthesia only. 


2. Extirpation Studies in the Human. Two regions were subjected to extirpation, 
superficial and deep. In the former, the region of cortex envisioned as “‘4s” was 
ablated by subpial technic. The defect measured approximately 1X4 em. and in- 
volved the anterior and posterior banks of the precentral sulcus down to and includ- 
ing the depths. The proximate “shoulders” of the gyri on each side of the sulcus were 
also ablated. The defect lay rostral to the excitable “motor” cortex of the contralat- 
eral limb and corresponded to the diagrams offered by Garol and Bucy*®* and von 
Bonin.” 

Such extirpations were periormed in 4 adult subjects. Of these, 1 (G.K.) was a 
member of the stimulation-series above described. The others consisted of 2 females, 
B.B., 32 years, manic-depressive, and F.P., 51 vears, hebephrenic, and 1 male, C.J., 
64 years, paranoid. 

Following operation, neurologic examinations were performed daily for 2 weeks 
and thereafter at intervals of 4 to 10 days for 3 months, seeking evidences of (a) 
spasticity, as defined by Hines,» Magoun*! and Walshe® and (b) other “release” 
phenomena, e.g., hyperkinesia. 


Results. In no case were spasticity, hyperreflexia, or “upper motor 
neuron” signs apparent, even during the first few days postoperatively when 
a more diffuse compromise of cerebral function beyond the confines of abla- 
tion might be presumed to prevail. Two patients showed a transient, slight 
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paresis and dyspraxia which lasted for no more than 5 days; the other 
showed none. 


The deep extirpations were performed on 20 adults, 19 of whom were sufferin 
from parkinsonism or non-patterned hyperkinesias and one of whom was schizo 
phrenic. The latter, R.G., was also a member of the stimulation-series above de- 
scribed. The remainder have been referred to in previous articles.*® In all, the hea 
and body of the caudate nucleus as far posteriorly as the genu of the internal capsul: 
were ablated and the anterior limb of the internal capsule and subcallosal fasciculus 
were sectioned in linear fashion. Postoperative clinical neurological and cinemato- 
graphic studies were made, seeking (a) spasticity and (b) other signs of “release”’ as 
defined above.**!: The average period of intensive postoperative examinations 
was 6 weeks. 


Results. No evidences of spasticity, hyperreflexia or “upper motor 
neuron signs’ were observed. 


¢ 


3. Suppression Studies in the Cat. Six cats were subjected to electrical and 
strychnine stimulations of the several suppressor regions described by Garol.?°.” 
Anesthesia consisted of Dial, 0.45 ml/K, one-half by peritoneal sac, one-half by 
muscle. 

The ‘‘motor” cortex was first identified by stimulating electrodes after which 
pick-up electrodes were placed on representative regions of the hemispheral con- 
vexities, bilaterally. After suitable control periods, stimulation was begun, first 
electrically and then by strychnine. 

The procedure followed closely that described by Garol and, in addition, 
electrical stimuli well above the maxima used in our own human experiments and 
capable of producing strong electrical after-discharge were employed. One animal, 
cat 4, exhibited “spontaneous” rhythmic stepping movements of the forelimbs 
throughout the control and experimental periods of observation and thus afforded 
an especially favorable opportunity to study “motor” as well as “electrical” sup- 
pression (Fig. 4). 

After each electrical stimulation, periods of 20 to 25 min. elapsed before a new 
stimulus was applied and when strychnine was employed the filter paper was re- 
moved as soon as “spikes’”’ appeared and observations were prolonged for 20 to 25 
min. as with the electrical stimuli. In no case was a new area stimulated until the 
spikes of a previously stimulated area had subsided. 


Results. No instance of electrical or motor suppression was recorded. 


DISCUSSION 


Additional evidence that extirpation and undercutting of a “powerful” 
suppressor area, namely, the anterior cingulate gyrus, are not followed by 
spasticity or other “release” phenomena is discovered in the reports of 
Whitty e¢ al.,*! Scoville’? and Cleveland." These observations, those o! 
Kennard" and our own are difficult to reconcile with the sweeping assertion 
that “Lesions of any part of the suppressor system, cortex, caudate nucleus. 
anterior lobe of the cerebellum, fastigial nuclei and medial reticular formatio: 
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Fig. 4. (Above) Electrocorticography, Cat 4, during control period and (below) 3 and 7 minutes 
respectively following electrical stimulation of a suppressor area using biphasic 50 cps saw-tooth waves 
10v, 5 ms pulses for 7 seconds. The bursts of high potentials corresponded to rhythmic spontaneous step- 
like movements. Neither these skeletal movements nor the electrical potentials of the animal’s hemi- 
spheral convexities were suppressed by stimuli applied to each of the several suppressor areas described 
by Garol.® Recordings were made continuously for 25 minutes following each stimulus. Similar results 
were obtained following strychnine stimulation. 
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will result in spasticity ...,” especially when no empirical evidence fo) 
such is offered. 

Our data thus far have given uniformly negative results in re electrica 
and motor suppression in the anesthetized, non-anesthetized and ‘“‘uncon 
scious” subject. Such does not, of course, prove that suppression does no! 
occur; it indicates only that until unequivocal evidence is brought forwar 
skepticism of the concept is warranted. Above all, it suggests that patho 
genetic concepts in which “suppression” is made an essential component anc 
therapeutic measures “rationally” fashioned on such bases must remain sus 
pect. This agnostic position can and should be promptly revised if sound 
evidence to the contrary should in the future be adduced. 

One would be inexcusably rash to imply that previous workers respon 
sible for the current concept of suppressor strips were in error. Their findings 
might very well hold for the conditions of experiment employed, i.e., genera! 
anesthesia, long hours of exposure, cooling and drying of the cortex, the 
discounting of “negative” results ete., and as such may merit further in- 
quiry in consideration of the differential effects of noxious agents. But this is 
a wholly different matter from acting on the assumption that “suppression” 
constitutes a normally active mode of inhibition. Here our case rests. 


SUMMARY 


1. Ten human subjects, 4 under general and 6 under local anesthesia, 
were studied electrographically at cortical and neostriatal levels under con- 
ditions of electrical and strychnine stimulation to determine whether “‘elec- 


trical”’ suppression from “‘Area 4s” is demonstrable. None was. 

2. Similar studies concerned with “motor” suppression were implemented 
on the same subjects, again with negative results. 

3. Four humans were subjected to extirpation of “Area 4s.” Extended 
postoperative studies failed to disclose “release’’ of spasticity or hyper- 
kinetic phenomena. 

4. Twenty humans were subjected to extirpation of the caudate head 
and body, anterior limb of the internal capsule and subcallosal fasciculus. 
Postoperative studies failed to disclose spasticity or hyperkinesia. 

5. Six cats under general anesthesia were subjected to stimulation of the 
“suppressor” areas by electrical and strychnine devices. No evidence o! 
“electrical” or “motor” suppression was apparent. 

6. Until more unequivocal data are adduced, cautious reservation as to 
the validity of the concepts of suppression and suppressor strips is in order 
These concepts ought not lightly be employed in fashioning pathogenetic 
theories of hyperkinetic disorders, spasticity and epilepsy nor made th« 
essential basis of “rational” modes of therapy. 
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and the non-specific. The specific system is composed of the five relay 

and two association nuclei of the thalamus with their direct pathways 
to restricted cortical areas. Thus the lateral and medial geniculate bodics 
project only to the visual and auditory areas, the sensory relay nuclei to 
the somatosensory region; the anterior nuclei relay impulses from the 
mammillothalamic tract to the cingulate area, and the nucleus ventralis 
lateralis projects directly to the motor cortex after receiving fibers from the 
dentato-rubro-thalamic tract. The two association nuclei are medialis dorsalis 
with its connections to frontal cortex and the lateralis posterior-pulvinar 
complex projecting to the parietal region. It is universally accepted that these 
specific nuclei have direct thalamocortical fibers and when these localized 
areas of the cortex are ablated the cells of the corresponding thalamic nuclei 
undergo retrograde degeneration. If one inserts a stimulating electrode into 
one of the specific nuclei and records from the surface of the cortex, the 
responses obtained show very characteristic features. There is a very short 
latency wave form which can be recorded only from a discrete area of the 
cortex. The stimulus threshold is of low voltage and short pulse duration. 
Responses can be easily obtained with a single shock and they can also 
follow high frequency stimulation. 

The non-specific thalamocortical projection system refers to the wide- 
spread cortical responses obtained on stimulation of centrum medianum, 
midline and intralaminar nuclei, ventralis medialis, ventralis anterior and 
reticularis. In general these responses have a higher stimulus threshold and 
require repetitive stimulation at 5 to 8 per sec. in order to show the char- 
acteristic ‘recruiting response.”” The wave forms differ from those obtained 
from the specific nuclei and have a much longer latency, usually from 10 
to 40 msec. In the cat, the cortical responses are usually most easily obtained, 
and remain the most constant, from the anterior head regions in frontal and 
motor cortices. However, excellent responses can also be recorded from the 
anterior cingulate area, the parietal cortex, and the sensory, visual and 
auditory areas. The pattern of cortical responses varies with different points 
of stimulation within the diffuse thalamic nuclei. Widespread responscs 
can be more readily obtained on stimulating the anterior portion of this 
system in ventralis anterior and the oral pole of reticularis, where the stimi 
lus threshold is lower and the latency of the responses is shorter than in tl 
remainder of the non-specific nuclei. 


[ena are two principal thalamocortical projection systems, the specific 


* Presented at the meeting of the Harvey Cushing Society, Hollywood, Florida, April 23, 1953. 
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From our physiological data, it would seem that the specific and non- 
ecific systems are independent of each other. An anatomical pathway from 
ic non-specific thalamic nuclei to the cortex has never been clearly demon- 
rated. It has been suggested that these widespread cortical responses are 
ried over diffuse but direct thalamocortical fibers, relayed through the 
icleus reticularis, transmitted through the caudate nucleus, or projected 
rectly to rhinencephalic areas where they are re-distributed to the other 
-ocortical regions. Since many workers have felt that none of the non-specif- 

nuclei show significant retrograde degeneration following decortication, 
me have recently suggested an intrathalamic diffusion system from which 
m-specific impulses are relayed via the specific thalamic nuclei to the cor- 
x over well recognized direct pathways. 

In order to clarify this point, we have recently studied the effect of specific 
iclear destruction. In a series of experiments in the cat, each of the specific 

(ialamic relay and association nuclei have been destroyed by electrolytic 
sions, and in each case non-specific responses could still be recorded from 
.e topographically related cortical area. 

When one stimulates within the posterior portion of the non-specific 
uclei, for example in centrum medianum, and records from the anterior 
tion of this system within the thalamus, responses can be obtained and 

followed through ventralis medialis, ventralis anterior, through the oral 
pole of reticularis, and out into the anterior limb of the internal capsule. 
These intrathalamic responses have a shorter latency than the recorded 
cortical potentials. We have more recently made much smaller thalamic 
lesions within this very active portion of the non-specific system situated 
at the oral pole of the thalamus and have observed the disappearance of the 
cortical responses initiated by stimulation farther posteriorly within cen- 
trum medianum. 

During the past few years, it has become apparent that this non-specific 
thalamocortical projection system occupies a major position within the func- 
tional organization of the central nervous system. It has been shown to 
have collateral connections with incoming somatosensory, visual, auditory, 
splanchnic and cerebellar responses ascending through the brain stem, to 
be related to the hypothalamus, striatum, rhinencephalon, and specific 
thalamic nuclei, and to have diffuse connections both to and from the neo- 
cortex. Its inherent rhythmicity of discharge has been suggested as a regu- 
lating mechanism in the spontaneous activity of the cortex. It is thought to 
play a dominant role in the integration of neural activity, and has been re- 
lated to such phenomena as consciousness, sleep, attention, idiopathic 
epilepsy, and frontal lobe function. 

The exact thalamocortical pathway for the diffuse system remains un- 
known. As the result of our experiments, however, we have felt that these 
widespread cortical responses either passed through the oral pole of the 
thalamus or depended upon the integrity of the neurones within the anterior- 
most portion of the diffuse thalamic nuclei, and that the responses were 
not mediated through any portion of the specific projection systems. 
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N RECENT years several investigators have expressed doubts as to the 
existence of the cerebral cortical suppressor bands of Dusser de Barenne. 
Judicious consideration of this problem requires a dispassionate analysis 

of all the facts. Obviously differences of opinion have arisen here because 
investigative techniques and experimental animals have differed. The issue 
has also been clouded by unprofitable quibbling over terminology. It must 
be apparent to all that the physiological and clinical facts are not influenced 
by whether one prefers to use the term “suppressor,” “repressor” or “inhibi- 
tory.” 

No one rightly can question the existence of the suppressor bands of Dusser 
de Barenne unless he duplicates the experiments of Dusser de Barenne and 
his associates, McCulloch, Bailey, Garol and others. Dusser de Barenne 
carefully defined a certain type of electrical effect which occurred in sub- 
human primates under certain definite anesthetic agents when strychnine 
was applied to the cerebral cortex in a certain specific fashion. In this way 
he and his successors repeatedly demonstrated a series of “‘suppressor” 
bands in the cerebral cortex which suppressed the electrical activity of other 
parts of the cerebral cortex when strychnine was applied to the surface of 
these cortical bands. They also developed evidence that this effect was 
exerted through the caudate nucleus. 

Obviously the failure to demonstrate this effect when other animals or 
different anesthetic agents are used or when the cortex is excited by an 
electrical current in no way invalidates the observations of Dusser de 
Barenne and his associates. So far as I am aware no one who has questioned 
the existence of the suppressor bands has attempted to check the original 
observations. 

In considering the suppressor strips, particularly the strip known as 4s, 
it must be borne in mind that two activities have been ascribed to it. One 
is the suppression of cortical electrical activity, just mentioned. The second 
is the suppression or inhibition of peripheral motor responses (postural 
reflexes, spasticity, movements induced by cortical stimulation and spoi- 
taneous movements). This latter effect is not dependent upon transmission 
through the caudate nucleus nor does it require that that structure be in- 
tact. 


* Neurophysiological symposium presented at the meeting of the Harvey Cushing Society, Holl ’- 
wood, Florida, April 23, 1953. 
7 25 East Washington Street, Chicago 2, Illinois. 
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DISCUSSION Q7 


The existence of this second suppressor or inhibitory effect is supported 
b: the observations of various investigators and by other indirect evidence. 
ilton pointed out that the inhibition of postural reflexes is, so far as the 
ecentral cortex is concerned, largely a function of the extrapyramidal 
stems. This fact was supported by the observations of Tower upon animals 
10se pyramidal tracts had been destroyed in the medullary pyramids. 
ywever, it was not known which of the many cortical extrapyramidal 
s stems was concerned in this inhibition of peripheral motor activity until 
ines demonstrated that the “strip” (later designated 4s by others) was the 
rtion of the agranular precentral cortex so concerned. Hines demonstrated 
at when the area 4s was removed spasticity developed in the contralateral 
tremities, whereas when this strip was stimulated both “standing” and 
‘lexor tone” were relaxed. McCulloch and his collaborators demonstrated 
at the fibers descending from the strip 4s terminate in the reticular for- 
ation of the bulb. Magoun and Rhines, in turn, showed that the reticulo- 
) inal connections descending from this bulbar reticular formation are very 
tive in the inhibition of the postural reflexes. ““When this bulbar reticular 
ea was stimulated in decerebrate animals, their rigidly extended legs lost 
| tone and became flail-like to manipulation.” Furthermore, this same sys- 
m was capable of inhibiting movements evoked by stimulation of the pre- 
central area. Thus we have clear-cut evidence, none of which has ever been 
disproved, that the strip 4s is capable of inhibiting peripheral muscular 
activity; that the strip 4s is directly connected with the bulbar reticular 
formation; and that this latter is, in turn, also capable of inhibiting periph- 
eral muscular activity. This leaves little doubt regarding the inhibitory 
functions of area 4s in subhuman primates. 

The evidence regarding the existence of area 4s in man and its functions 
is much less complete and much less conclusive. Garol and I demonstrated 
that by stimulation of a small area of cortex in the region of the precentral 
fissure we could cause prompt relaxation of the rigidity of contralateral 
extremities induced by light ether anesthesia, and, after a latency of 5 
to 10 sec., an abrupt cessation of the motor after-discharge produced by stim- 
ulation of the precentral gyrus. In the instance reported this effect could not 
be elicited from any other area of the exposed cortex. Since then we have 
made similar observations in other patients and other observers have con- 
firmed our findings. However, the areas from which we have obtained such 
effects have always been relatively small areas along the precentral fissure. 
They have never been “strips” of cortex comparable to those demonstrated 
by Hines or Dusser de Barenne and McCulloch in the monkey. Obviously 
these observations are too few, too limited and too poorly controlled to be 
of any great significance in themselves. They are of value only insofar as 
they corroborate and support the more detailed observations made in labora- 
tory animals. Nevertheless, such positive observations as these are not 
refuted by the negative ones reported by Penfield and now by Meyers. The 
difficulties and the inconstancies of electrical stimulation of the human 
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cerebral cortex are too great to allow much significance to be attached 
the failure of any observer to obtain such effects. 

Penfield has demonstrated “inhibition of voluntary movement”’ fro ; 
stimulation of a secondary motor area in the lowermost part of the pr: 
central gyrus just above the Sylvian fissure; and further commented tha 
“arrest of movement instead of initiation of movement is not unusual as t] 
result of stimulation within the primary motor areas also.” Whether this 
“inhibition of voluntary movement” is related to the arrest of reflex muscular 
activity produced by stimulation of area 4s and other suppressor strips o1: 
can not say, but the two are certainly not exactly the same thing. 

It must not be lost sight of that what we are discussing here is thie 
experimental demonstration of the suppressor strips and how they behave 
under experimental conditions. How they behave in the intact animal or 
in man; what part they play in normal physiology or in clinical neurology 
is a matter for study and interpretation. Unfortunately, the effects of arti- 
ficial stimulation of the brain are far too limited, too crude, too dependent 
upon the state of the animal, the anesthetic agent used, the nature of the 
stimulation, and upon the frequency and intensity of stimulation to be com- 
parable to normal nervous activity. Much as we may be tempted to do so we 
cannot directly interpret the results of artificial stimulation in terms of 
the normal or abnormal activity of the nervous system of the intact labora- 
tory animal and far less that of man. 





THE LIMBIC SYSTEM AND ITS HIPPOCAMPAL 
FORMATION 


STUDIES IN ANIMALS AND THEIR POSSIBLE APPLICATION TO MAN* 


PAUL D. MacLEAN, M.D. 
Departments of Psychiatry and Physiology, Yale University School of Medicine, 
New Haven, Connecticut 


(Received for publication October 13, 1953) 


rpyoray with the annual celebration of Shakespeare’s birthday, it may 
|‘ expected that the occasion will arouse renewed discussion among 
those interested in English literature as to whether Shakespeare or 
Bacon wrote the plays. This points up for contrast an equally bewildering 
problem that faces those whose major concern is with the functions of the 
brain. In the brain, the authors of function—the structures themselves—are 
eisily identified. But what do these authors write? That is the question. 
This is no better illustrated than by our lack of knowledge regarding the 
finctions of parts of the limbic system that will concern us here, particularly 
that sizeable author known alternatively as the hippocampus or Ammon’s 
horn. 

The limbic system is comprised of the great limbic lobe of Broca and its 
subcortical cell stations.*’ The limbic lobe, including the infolded hippocam- 
pus, was so named by Broca® because it completely surrounds the hilus of 
the hemisphere. Its subcortical cell stations include the amygdala, septal 
nuclei, the hypothalamus, anterior thalamic nuclei, parts of the basal ganglia 
and perhaps also the epithalamus. In Fig. 1, in which the brains of the rab- 
bit, cat, and monkey are drawn roughly to scale, the limbic lobe is repre- 
sented in black. The drawings illustrate, as Broca pointed out, that the lim- 
bic lobe forms a common denominator in the brains of all mammals. In ac- 
cordance with the theory of Papez,** the experimentation of the last fifteen 
years suggests that the limbic lobe also provides a cortical common denomi- 
nator for a variety of emotional and viscerosomatic reactions in the mam- 
mal.} Its constancy of gross and microscopic structure throughout the phy- 
logeny of the mammal contrasts strikingly with the mushrooming neopallium 
which surrounds it and is shown in white in Fig. 1. The latter, some might 

* The substance of this paper, including all but the second and last figures, was presented at the 
meeting of the Harvey Cushing Society, Hollywood, Florida, April 23, 1953. Some material has been 
added from a paper that was given at a special session on the physiology of emotion which was held in 
conjunction with the International Physiological Congress, Montreal, Canada, September 2, 1953. 

Aided by a research grant from The National Institute of Neurological Diseases and Blindness, 
of the National Institutes of Health, U. S. Public Health Service, and the Foundations’ Fund for Re- 
search in Psychiatry. 

Tt Several reviews and papers pertaining to this subject have appeared since 1947, a number of which 
are cited in the references,7:10:18.2! 31,32,45,71 
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argue, could be likened to an expanding numerator representing in phy 
logeny the growth of intellectual functions. It is because of the inferred pri 
macy of the role of the limbic system in emotional behavior that in psychiat 
ric parlance I have used the term “visceral” in its original Elizabetha: 
meaning and applied it in quotation marks to the brain included in thi 
system.” 

Having given these introductory remarks, we turn now to dwell on th 
question of hippocampal function. This topic merits special consideration fo 
the following reasons. In the first place, the hippocampus in association wit! 
the other structures making up the hippocampal formation is strategicall) 
related to the heart of the limbic system. An effort to extricate ourselves 
from the sea of ignorance that surrounds these structures would therefor 


QO 
a 


A B C 


Fig. 1. Lateral and medial surfaces of brains of rabbit (A), cat (B), and monkey (C), drawn roughly 
to scale. As shown by Broca,® the drawings illustrate that the limbic lobe, represented in black, forms a 
common denominator in the brains of all mammals. 


seem to be a prerequisite for any significant advance in our knowledge of 
the limbic system. But what makes the foregoing question of immediate 
interest to the neurosurgeon is the growing realization that morbid processes 
in these structures are basically concerned in the pathogenesis of psycho- 
motor epilepsy.*!:?5:29:46.49, 64 

In a psychophysiological review of the limbic system in 1949,* IT presented 
the diagram in Fig. 2 to illustrate the possible convergence of the intero- 
and exteroceptive systems in the hippocampal gyrus and the hippocampus. 
It was inspired by discussions with Dr. Papez and was based on a numbe1 
of fragmentary anatomical and physiological observations. From the cyto- 
architectural studies of Lorente de N6*® one finds there is an overlapping of 
the incoming systems into the hippocampal gyrus. In the case of the diagram, 
this would allow an overlap of impressions coming from the mouth, nose, 


* The peculiar rake-like, end-arterial blood supply to the hippocampus makes this structure vul- 
nerable to a number of affections. The work of Scharrer® and Nilges* should be consulted for further 
details. This gains further significance in the light of the low seizure threshold of the hippocampus.**® 
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emphasized that this part of the brain, in contrast to the neopallium, has 


trong connections with the hypothalamus. 

Generally speaking, the limbic cortex can be distinguished from the sur- 
yunding neopallium by (i) the absence or poorer development of the supra- 
ranular layers, (ii) the ending of the afferent plexus in the superficial layers, 
nd (iii) the relative paucity of cells of short axon.*:*:* These phylogeneti- 
ally primitive characteristics are nowhere better demonstrated than in 
‘spective parts of the hippocampal formation. The foregoing considerations, 
1 conjunction with the emotional changes presumably associated with 
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Fic. 2. This figure was presented in 1949* to illustrate the possible convergence and overlap of 
intero- and exteroceptive systems in the hippocampal formation. See text for recent developments. 


disease or experimental manipulation of this part of the brain, were the basis 
for the suggestion that the structures making up the hippocampal formation 
derived information largely in terms of “feeling.” 

No experiment is so compelling as the one contrived by Nature to sup- 
port the thesis that the mediobasal cortex of the frontotemporal region 
allows a confluence of the various bodily senses and imparts to them the 
quality of feeling. Although foreseen in the observations of several workers 
in the last century, of whom we should mention particularly Herpin and 
Sommer on the Continent, Hughlings Jackson in England, and Allan Mc- 
Lane Hamilton in this country, it remained for present-day electroen- 
cephalography to establish that discharges in this part of the brain may be 
associated with a wide variety of auras involving all the bodily senses and a 
great number of feeling and emotional states. Among the more purely sensory 
auras are crude olfactory sensations; alimentary symptoms including taste, 
thirst, hunger, nausea; cardiorespiratory manifestations when there may be 
such sensations as choking or a racing heart; somatic sensations ranging all 
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the way from pains in the head to paresthesias in the buttocks; crude aud)- 
tory or visual experiences in which sounds seem unusually loud or objects 
appear inappropriately small or large. There may even be symptoms refer- 
able to the genitals. The feeling states with emotional coloring are also grea 
in number: feeling of fear or terror, “nervous, shivery”’ feelings, feeling of 
familiarity, feeling of strangeness, feeling of wanting to be alone, feeling of 
wanting somebody near, feeling of sadness and wanting to cry, ete. 
With the exception of the olfactory auras, it has not been at all clear 
what anatomicophysiological substratum accounts for the other sensory 
phenomena that have been enumerated. It is only recently that physiologi- 
cal studies have borne out the claims of comparative neurology and demon- 
strated that senses other than olfaction are afferently related to this region. 


RESPONSES OBTAINED IN HIPPOCAMPAL FORMATION BY 
STIMULATION OF SENSORY SYSTEMS 

In regard to the hippocampal formation (in which we include hippo- 
campal and dentate gyri, hippocampus and amygdala‘) the responses ob- 
tained by various types of sensory stimulations fall into a number of cate- 
gories. Dell and Olson": have evoked spike potentials in the pyriform 
cortex and amygdala by stimulation of the vagus nerve. Several workers, 
including Gerard, Marshall and Saul,** Robinson and Lennox,” Dell and 
coworkers,” Liberson and Cadilhac,"' have variously elicited potentials of 
the same order in the amygdala, hippocampal gyrus, and hippocampus by 
auditory, visual, and somatic stimulation. It should be emphasized, however, 
that there are a number of discrepancies in the findings of these investi- 
gators, and more data are needed before the contradictions can be recon- 
ciled. 

In our studies of the bioelectrical properties of the olfactory system, 
Horwitz, Robinson and I*! were struck on finding that either gustatory or 
noxious stimulation resulted in the appearance of rhythmically recurring 
potentials in the pyriform area of the rabbit somewhat like those induced 
by olfactory stimulation and first described by Adrian.’ We have observed 
these olfactory-like responses only in moderately deep stages of nembutal 
anesthesia. The records in Fig. 3 illustrate the character of the olfactory- 
like potentials elicited by gustatory or noxious stimulation. In this instance, 
the olfactory-like responses were obtained by a hard pinch of the rabbit's 
tail. The top record shows a typical response to olfactory stimulation for 
comparison. The response in the next record resulted from a six-second pinch 
of the rabbit’s tail. In the last record, one observes that just a single shor! 
pinch of the tail results in almost as great and as long a response, calling to 
mind the nature of one’s subjective sensations on receiving a short hari! 
pinch. 

In the anesthetized animal, we have not observed such olfactory-lik« 
responses following short-lasting visual or auditory stimulation. In moder- 
ately deep anesthesia, one finds, however, a curious succession of potentia! 
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Fia. 3. These records from a previous publication® illustrate the character of olfactory-like responses 
that appear in the pyriform area following gustatory or noxious stimulation in the anesthetized rabbit 
(nembutal). Top record shows for comparison a response to olfactory stimulation. In A, the rabbit re- 
ceived a 6-second pinch of the tail. In B, it is seen that a single hard pinch results in almost as great and 
as long a response. Lines under recordings indicate approximate duration of the stimulus. PY, IN, R, refer 
to pyriform, insular, and reference leads, respectively. 














changes in the pyriform area following a loud hand clap. The consistency of 
these responses is illustrated in Fig. 4, which shows excerpts of a bipolar 
recording from the pyriform area during a series of 14 hand claps. In the top 
line, an example of the concurrent response in the primary auditory projec- 
tion area is given for comparison. In all the records from the pyriform area, 
one sees a small early deflection occurring in association with the primary 
response from the temporal cortex. This is followed by a wave-form that is 
comparable in latency to the so-called secondary response. Finally, over half 
a second later there appears quite consistently a third distinctive change of 
potential. 

Elsewhere, we have elaborated on the implications of the prolonged 
rhythmic responses elicited in the pyriform area by olfactory, gustatory, 
and painful stimulation.” It is to be noted particularly that all three of the 
involved senses accent the quality and intensity of a stimulus rather than 
its spatial relationships. It is interesting to reflect, too, that emotion which 
is frequently experienced in conjunction with discharges in this part of the 
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L TEMP -r brain is like the foregoing sens: 
Royo Why insofar as it is registered in tern\s 
4 of quality and intensity. 

1 PVR PY Ny It has subsequently been foun 

that rhythmic activity (usually cf 
a much slower frequency than that 
seen in the pyriform area) can be 
recorded from the hippocampus 
following several forms of sensory 
stimulation. Over 14 years ago, 
Jung and Kornmiiller®® reported 
that synchronized activity around 
6 per second occurred in the hippo- 
-ampus of the waking rabbit when 
the animal received a hard pinch. 
We observed synchronized activ- 
itv in the hippocampus of both 
rabbit and cat following natural 
olfactory stimulation, but only 
rarely after gustatory stimula- 
tion.’ These findings have been 
greatly augmented by the studies of 
Green and Arduini.” At the last 
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Fic. +. Bottom 14 lines are excerpts of a bipolar 


at] > sapnati ‘ Shu 
recording from the pyriform cortex to show the con- Mee ting of the International I hy o- 


sistency of responses obtained following a series of iologi ral Congress, these workers 
hand Gren abt jut meine * 32, reported that “physiological stim- 
line shows a sample of the concurrent responses re- ulation of olfactory, visual, audi- 
corded from the temporal cortex. tory and somatic receptors” in 
rabbit, cat, and monkey may 
evoke “a train of high amplitude, slow waves at 3-6 per second” in the 
hippocampus. 
Liberson and Akert**® have reported that synchronized activity around 
6 per second may be recorded from the hippocampus of the guinea pig when 
the animal is alerted to the presence of the experimenter. At the same 
time, there is desynchronization of the neocortical activity. Electrica! 
stimulation of the reticular activating system, according to Green and 
Arduini,” results in comparable findings. Furthermore, they state tha! 
trains of waves are initiated in the hippocampus by “arousing stimuli” tha! 
are too weak to affect the neocortex. 
Thus, in addition to cytoarchitectural and chemical* differences, one 
finds that the bioelectrical findings described in this section provide furthe’ 
evidence for inferring that the mechanism of communication in the phylo- 


* The cholinesterase and cholinacetylase content of the uncinate region, for example, is considerab! 
higher than that found in the neocortex.8:!64 
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netically primitive cortex is markedly unlike that in the neopallium. As 

yt one can only speculate about what these differences mean in terms of 
‘ling (emotion) and intellect. But it is apparent at least that the foregoing 
idies give a physiological clue to the diversity of sensory auras associated 
th epileptogenic foci in this part of the brain. 


ABLATION STUDIES 


Before considering the motor phenomena associated with stimulation 
the hippocampal formation, a few words may be said about the effect of 
cisions that interrupt the normal flow of impulses between its afferent and 

‘erent pathways. To date, experiments aimed at ablation of the hippo- 
mpus alone,” or severing its projections by way of the fornix,?’ have 
vealed disappointingly little in the way of behavioral changes. On the other 
ind, Thomson and Walker,®* Pribram and Bagshaw,°* and Shreiner and 
\ling,® have variously observed manifestations of the Kliiver-Bucy syn- 
‘ome*® when lesions are restricted to parts of the rostral hippocampal for- 
uation. Altogether, the changes observed in these studies may be character- 
ived and enumerated as follows: 1) an apparent taming of wild animals, 

a tendency of the animal to examine everything with the mouth, 3) a 

vilure to persist in avoiding noxious stimuli, 4) an alteration in dietary hab- 
iis, and 5) bizarre sexual behavior. Whether ablation of the rostral hippo- 
‘ampus is essential to obtaining these manifestations is not clear. It is inter- 
esting that excision of cortex which vields the prolonged rhythmic responses 
upon olfactory, gustatory and noxious stimulation (see preceding section), 
appears to be correlated with the animal’s change in dietary habits and 
his tendency to expose himself again and again to painful stimuli. 


STIMULATION STUDIES 


There is a large and growing number of communications in which the 
reported results of stimulation of various parts of the rostral hippocampal 
formation indicate that this part of the brain has a profound influence on 
the autonomic regulation of respiratory, cardiovascular, and alimentary 
functions.* The studies employing stimulation in the intact, unrestrained, 
and waking animal, have elucidated to a considerable extent the part this 
region plays in general behavior.”:*:*!°° Since much of this work has already 
been reviewed,'*:?!31.47 T shall only pause to say that an evaluation of all 
the results would seem to indicate that this frontotemporal portion of the 
limbic system is concerned with the organization of the oral activities of the 
animal as they pertain to eating, and to the vocalization, attack and de- 
fense involved in obtaining food. 

Stimulation studies, however, have thus far been little more successful 
than ablation methods in elucidating the functions of the bulk of the hippo- 
campal formation lying posterior to the portion just considered. The greater 


* The reader is referred to Kaada* and Gastaut?! for excellent reviews. A number of recent Japanese 


publications on this subject are cited in the references... 
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part of the body of the hippocampus is included in this region and appear 
to be the main channel for efferent impulses.* In a continuation of our elec 
trical and chemical stimulation studies on the limbic system, I have focuse: 
attention during the last year particularly on the posterior part of the hippo 
campus.** A technique was used that allows one to stimulate electrically o 
chemically the same point, and at the same time to record the bioelectrica 
changes while the animal is free to move about as he chooses. Cholinergic 
drugs were used as the exciting agents.T 

Save perhaps for some enhancement of grooming and pleasure reactions, 
I have found repeatedly that excitation of the posterior hippocampus of th: 
cat by cholinergic drugs results in little spontaneous change of behavior tha 
can be ascribed to altered bioelectrical activity in this structure. It may bx 
significant, however, that two mean and fearful animals I was obliged to use 
owing to a shortage of cats, never manifested spontaneous pleasure reactions 
until the posterior hippocampus was chemically activated. For the firsi 
time they became actively receptive to petting. 

There are also few observable changes upon electrical stimulation. The 
responses most commonly seen are some contraversive movements of the 
head and ipsilateral closure of the eve. The animal, if purring, continues to 
do so throughout the stimulation. In some instances, possibly because the 
electrodes impinge on fimbrial fibers from the rostral hippocampus, one can 
elicit cringing, defensive attitudes in which there is a retraction of the 
ipsilateral ear, a wrinkling of the face, and a pulling of the head away from 
the stimulated side. Rarely, one hears meowing or a hiss. 

More dramatic changes are seen during afterdischarges which follow 
stimulations of greater strength. Any turning movements that were present 
during the initial stimulation appear to reverse themselves with the onset 
of the afterdischarge, and the pupils may suddenly dilate. Purring, if pre- 
viously present, may cease and be replaced by occasional meows or yowls. 
Concurrently, the animal assumes attitudes that strike one at first as being 
wrapt attention or fearful alerting for the unexpected. Further examination 
indicates, however, that the animal is poorly in contact with his environ- 
ment. Although the pupils react to light, the animal will not avoid the light, 
nor will he cringe when one pretends to strike the face. If one forcefully blows 
smoke at him, he will withdraw a little, but will not avoid the smoke. A 
burning cigarette may be brought up to his nose with no response, but ii 


* There is some indication that the anterior and posterior portions of the hippocampus may diffe: 
significantly in their projections upon the septum and hypothalamus.!7\58.97 

+ Acetylcholine (in conjunction with physostigmine) and mecholyl were the drugs most common) 
used. Carbachol was employed on a few occasions. The use of solutions was abandoned in these experi- 
ments because of the ease with which they leak back along the needle into the ventricle when the poste 
rior hippocampus is injected. It was found in the cat that such a leaking back of small amounts of eserin¢ 
in combination with acetylcholine or mecholyl was followed roughly five minutes later by growling, con- 
tralateral turning, ferocious behavior, pupillary dilatation, piloerection, and sometimes shivering 01 
panting. These manifestations commonly lasted an hour or more. The results of the stimulation and 
electroencephalographic studies to be summarized in this and the following section were based on obser 
vations on 27 cats, 4 squirrel monkeys, and 2 macaques. 
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there is momentary contact with the lighted end, the animal may lunge 
aout wildly. The emotional changes that one may induce during an after- 
d:scharge are most interesting :* If one takes an animal which prior to stimu- 
l2tion simply meows when the tail is pinched, one finds that the same noxious 
s!imulus will cause it to hiss, spit, and strike out during the afterdischarge. 
A prolonged or repeated noxious stimulus may lead to states of wild excite- 
nent, accompanied by spitting and hissing. I have held on to the tip of the 
t il of such an animal and observed a state of rage in which he would not 
p operly orient his attack, but rather would viciously bite at the stump of 
hs tail. It is striking that these excited states may suddenly terminate in 
r ther prolonged catatonic-like stances. A meow or series of meows usually 
s znals the end of the afterdischarge. 

Addendum. Since this paper was submitted for publication, it has been 
fund that the hippocampal injection of carbachol in somewhat larger quan- 
t:\Uies than previously employed results in spontaneous or induced behavioral 
c ianges comparable to those seen during afterdischarges produced by elec- 
trical stimulation. One has the opportunity to observe these changes for an 
hour or more during the continuous high voltage seizure activity. When the 
iitense seizure activity begins to abate, the animal manifests enhanced 
pleasure reactions. 


PROPAGATION OF HIPPOCAMPAL AFTERDISCHARGES 


We shall postpone a discussion of some of the foregoing findings until 
we have considered the propagation of afterdischarges that are initiated in 
the limbie system. Kaada*! has made the highly significant observation that 
such seizure activity has the tendency to spread in and be largely confined 
to the limbic system. The shading in Fig. 5, which is based on the compara- 
tive neuronographic studies of Pribram and myself, gives one an estima- 
tion of the peripheral extent of limbic connections into the surrounding 
neopallium. In regard to the hippocampus,} Kaada states that “afterdis- 
charges [initiated there]... readily spread into the entire limbic... 
cortex of both sides, and further to the cortex just lateral to the rhinal 
fissure....”’ His observations were made in anesthetized animals. My 
findings in the drug-immobilized animal (cat, squirrel monkey, macaque) 
are in agreement with this, and support Kaada’s statement that it is only 
with stronger stimuli that one finds a further spread of the discharge into the 
cortex of the lateral convexity. It is to be emphasized that there may be a propa- 
gation of hippocampal discharges without a discernible alteration of neocortical 
activity. 

The local application of cholinergic drugs provides another means of 
producing seizure activity in the hippocampus. When carbachol is the agent, 


* Cf. Andy and Akert.* 


t Several papers dealing with hippocampal seizures and the propagation of hippocampal discharges 
have been presented in the last year, abstracts of which may be found in the cited references.*4:1:76,38.40,88 
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Fic. 5. Shading on the lateral and medial surfaces of cat’s and monkey’s brain, respectively, indi- 
cates peripheral extent of limbic connections into the neocortex as demonstrated by strychnine neuro- 
nography. The illustration is adapted from ones previously published,®-® and for the present purposes 
the various shadings and rectangles on the limbic and extralimbic cortex may be ignored. 


the seizure activity may last for hours. Fig. 6 shows such activity in the 
hippocampus of a macaque, and illustrates it may be present without a 
discernible seizure activity in the neocortex. As evident from Fig. 7, the 
configurations of the chemically induced seizures may be quite similar to 
those of afterdischarges that are produced electrically. In this instance, where 
carbachol was applied to the hippocampus of a cat, there appears to be some 
spread of the discharge into the caudate. 
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Fia. 6. Seizure activity in hippocampus of curarized macaque, elicited by local application of carba- 
chol. Bipolar recordings from middle frontal and precentral gyri illustrate absence of discernible con- 
current seizure activity in the neocortex. 
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Fig. 7. Seizure activity in hippocampus of curarized cat, induced by local application of carbachol. 
Configurations of the potential changes have similarities to those of afterdischarges produced by electrical 


stimulation. In this instance there appears to be some spread of the discharge to the caudate. Bipolar 
recordings. 


DISCUSSION OF STIMULATION AND ELECTROENCEPHALOGRAPHIC 
STUDIES 

From the mapping of afterdischarges, one gets the impression that 
there exists a potential “schizophysiology” of the neopallium and limbic 
cortex. This is fraught with significant implications that bear on both the 
behavioral changes accompanying induced hippocampal seizures in the 
animal and on certain epileptic and psychopathological conditions in 
man. 

It will be a matter of great interest to investigate the mechanism by 
which a noxious stimulus is able to precipitate a state of wild excitement in 
an animal during a hippocampal seizure. The sudden explosion of fury calls 
to mind the behavior of some patients with psychomotor epilepsy when 
an effort is made to impede their course of action during a seizure. On the 
other hand, the cat’s equally sudden shift from wild excitement to frozen 
immobility is reminiscent of the behavioral fluctuations of patients with 
catatonic schizophrenia. We have not yet mapped the spread of hippo- 
campal afterdischarge in an animal thrashing about following the applica- 
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tion of a noxious stimulus. One does not know, therefore, whether or not it 
is primarily dysfunction within the limbic and closely related systems that 
allows the development of the phenomena in question. The latter give th« 
impression of corresponding to alternating states of massive release and 
inhibition, respectively. 

It is possible that seizure activity largely confined to the limbic system 
may have a bearing on some of the epileptic behavior, as well as the post- 
epileptic amnesia, of patients with psychomotor epilepsy. For illustrative 
purposes, it will be sufficient to cite a single case and one that is generally 
familiar. This is Hughlings Jackson’s famous Case Z, which describes th« 
seizures of a young doctor who at postmortem was found to have a small 
area of softening in the region of the left uncinate gyrus.”’ During a fit, he 


Fig. 8. Strychnine neuronographic studies®-*7-6 indicate that the posterior hippocampal formation 
is but one synapse removed from a large expanse of parieto-occipito-temporal cortex to which Penfield’ 
ascribes the functions of memory and dreaming. These diagrams homologize these interrelated limbic 
(large stipple) and neocortical (small stipple) regions in the cat and monkey. 


was able to stoop over and pick up a pin or to continue the physical examina- 
tion of a patient and to write a reasonable diagnosis, all with a subsequent 
amnesia for what had happened. It strains the imagination to conceive hov 
such acts requiring both manual and intellectual skill could have been per 
formed in the absence of a functioning neocortex. That seizure activity 
may take place in the limbic system without appreciable alteration of th 
neocortical activity (cf. above) possibly gives some insight into the mecha 
nisms of such epileptic behavior. 

But why the subsequent amnesia? In discussing the symbolic process 
Kubie**?7 has emphasized that memory is dependent on the interplay o 
intrabodily and externally derived experience. He refers to the former a: 
the gut component of memory. The limbic cortex is strongly related to th« 
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»ypothalamus, which, to use Le Gros Clark’s phraseology,’ is concerned 
‘with all sorts of visceral and metabolic processes” that in their totality 
iable the organism “‘to appreciate itself as a unified being.” Furthermore, 
‘uronographic studies®:*7:® indicate that the posterior part of the hippo- 
impal formation is but one synapse removed from a large expanse of 
wwieto-occipito-temporal cortex to which Penfield® ascribes the functions 
memory and dreaming. Fig. 8 homologizes these areas of associated cortex 
the cat and monkey. Kubie,*’ as the result of some collaborative studies 
ith Penfield, has suggested that in the transitional region of the limbic and 
mporal cortex there may be an amalgamation of the “gut” component and 
ie verbal component of memory, the place where the “I” and the “non-I”’ 
eet. From the foregoing considerations, might one infer that the experi- 
ices during a “psychomotor” attack are lost to recollection because the 
nbie discharges interfere particularly with the recording of internally de- 
ved impressions? 


SUMMARIZING COMMENT 


The foregoing sections have dealt with a number of evoked potential, 
ablation, stimulation, and electroencephalographic studies that have been 
indertaken in the analysis of the functions of the hippocampal formation 
in the animal. In each instance some of the relevance of the data to clinical 
problems was discussed. From the evoked potential studies, one obtains a 
physiological clue to the diversity of sensory auras associated with epilepto- 
genic foci in this part of the brain. The stimulation and electroencephalo- 


graphic studies, on the other hand, possibly give some insight into the nature 
of the functional derangement associated with some of the epileptic behavior 
and the post-epileptic amnesia of patients with “psychomotor” seizures. 
In conclusion, it might be noted that animal experimentation can con- 
tribute next to nothing about the “subjective” functions of the hippocam- 
pal formation. To corrupt a statement by Wiener,” psyche is information, 
not matter or energy. The animal cannot communicate how he feels. Here is 
the rub for the physiologist. Realizing that Aladdin’s lamp is not for him, 
he obviously looks, as he has long been accustomed, to the neurosurgeon! 
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ASTRO-INTESTINAL, vasomotor, and other visceral disturbances secon- 

dary to focal brain lesions are phenomena of obvious importance 
a only to the neurosurgeon, neurologist and psychiatrist but also 
» the general surgeon, genito-urinary specialist, pediatrician and obste- 
‘ician. 

Birth trauma, for example, may produce injuries of the hippocampal 

-yri’3 leading subsequently to visceral disturbances associated with psycho- 

1otor attacks.*:?9:5°:7? Paroxysmal abdominal pain and intussusception may 
he manifestations of epilepsy in children*’ and adults. Laparotomies have 
vecasionally been done for gastro-intestinal symptoms, cystoscopic studies 
for difficulties in voiding, and electric shock treatments for viscero-emotional 
disturbances although the initial visceral symptoms in all these cases might 
have led to an earlier diagnosis of an organic cerebral lesion. 

With regard to the frequent association of visceral and emotional disturb- 
ances, it is of interest to note that this important phenomenon has long been 
recognized, as indicated by the Lamentations of Jeremiah (Chapter I) in 
the old Testament: “‘... mine eye runneth down with water... I am in 
distress: my bowels are troubled ... my sighs are many, and my heart is 
faint.” 

The viscera, strictly speaking, include only the soft hollow organs of the 
body such as the heart, blood vessels, gut, urinary bladder and lacrimal sac. 
For the purposes of this discussion, however, mention will also be made of 
respiratory phenomena. Both visceral and respiratory disturbances will 
therefore be considered with regard to their representation in the cerebral 
cortex as indicated by focal brain lesions or electrical stimulation. Visceral 
phenomena secondary to massive intracranial lesions or generalized increased 
intracranial pressure will not be considered, having no localizing value. 

While it has long been known that visceral symptoms such as pallor, 
salivation and epigastric distress may herald or accompany an epileptic 
seizure, these symptoms cannot be regarded as having any localizing value 
unless a focal brain lesion is proved to be their cause. With increasing fre- 
quency in recent years, however, it has been shown that specific visceral 
phenomena of this and other kinds are often caused by focal lesions involving 
certain parts of the frontal or temporal cortex or the insula (island of Reil). 
Reasonably accurate localization of cerebral pathology in such cases has 


* Read at the annual meeting of the Harvey Cushing Society, Hollywood, Florida, April 23, 1953 
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been made by pneumoencephalography or ventriculography, surface ai d 
depth electroencephalography, angiography and intracranial surgery fur 
verification by inspection, electrical studies and biopsy. 

In the last analysis, however, methods of localizing function in the hum: a 
brain are relatively crude, for the precise extent and effects of a brain 
tumor, scar or cortical ablation upon adjacent brain tissue are difficult io 
define. Likewise the exact extent of spontaneous or artificially induced 
abnormalities in electrical activity may be equally difficult to determin«. 
Nonetheless, when brain lesions or electrical excitation of specific parts of 
the brain result consistently in similar effects, there is ground for accepting 
a localization of function. This is particularly true of brain tumors that give 
rise to specific visceral symptomatology long before any other symptoms 
occur, especially when these visceral disturbances disappear following re- 
moval of the lesion. 

Electrical stimulation of the brain is unquestionably a more nearly ac- 
curate means of localizing function in the sense that it is usually possible 
to elicit constant and consistent effects from relatively discrete points, 
whereas no effect or a different effect may be produced by stimulation only 
2 mm. away. The fact that electrical stimulation may not yield an expected 
visceral response on excitation of a given cortical area may be caused by 
such influences as medication, anesthetic agents, metabolic or pathologic 
changes, existing background activity of the brain or viscera, or individual 
anatomical variations. 

Despite these factors of inconstancy and uncertainty it is apparent that 
the effects of various lesions as well as electrical stimulation of the human 
brain indicate more or less discrete localization of visceral functions in the 
cerebral cortex. 

Before assembling these data in diagrammatic form (Figs. 1-5) a few 
illustrative case summaries of brain lesions, including cortical ablations, 
will be presented with emphasis on visceral symptomatology. Observa- 
tions on the effects of electrical stimulation and recording will then be 
described. 

Additional data reported by others have been included in Figs. 1, 2, 
3 and 5. Penfield, et al.,”:**." for example, have provided ample evidence 
that neoplastic or atrophic lesions of anteromedial temporal cortex and the 
insula may give rise to episodic vasomotor disturbances, such as pallor or 
tachyeardia, and distressing epigastric sensations. Epigastric aura may 
also be secondary to “frontal intermediate” lesions.” Others”? have con- 
firmed the temporal and insular source of epigastric sensations. 

Bucy," moreover, has described alteration of the peripheral circulatio: 
in the contralateral extremities following premotor cortical ablation, an:|! 
also mentioned sudomotor changes secondary to lesions in this region. 
Scoville has reported transitory alterations in pulse rate on isolating th: 
anterior cingulate gyri bilaterally,**:*° and vomiting in several cases afte’ 
uncotomy.°? 
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CASE SUMMARIES 
I. BRAIN LESIONS 


1. Anterior Temporal Cortex Gliosis: Gastro-intestinal symptoms. 


Case 1. Mc.C., 28-year-old machine inspector. His employment was threatened 
| cause of weekly attacks of sudden partial loss of contact with environment lasting 
a few seconds, always preceded by a sense of profound gastric distress and a feeling 
t at someone was talking behind him. 

Past History. Nine months gestation; 4 hours labor; instrument delivery without 
own abnormal effects. Head injury at 15 months with unconsciousness for 24 
urs. At 4 years of age he began to suffer sudden attacks of ashy pallor, abdominal 
in and nausea lasting a few seconds, and occasionally vomited. At 7 years: occa- 
mally unconscious for 2 or 3 minutes and “‘stiff’’ in face and extremities after aura 

i-seribed above. He might then be drowsy for 1 or 2 hours. He also had unexplained 
* aucous colitis” for 3 months. 

At age 29 (May 1952) the EEG showed a right anterior temporal focus on a 
ep record. Previous waking EEG studies showed no focal signs but some abnormal 
ateral medium voltage slow wave activity. A thorough 12-year trial of various 
ticonvulsant medications having failed to arrest attacks, surgery was elected. 

Operation, May 1952. Right temporal craniotomy. Pentothal sodium anesthesia. 
he cerebral cortex appeared grossly normal but ECG indicated abnormal activity 

‘onfined to the anterior thirds of the middle and inferior temporal gyri. This cortex 
as accordingly excised down to and including the uncus. 

Pathology. Microscopic study revealed moderate gliosis, no tumor, and numerous 
monocytic phagocytes filled with yellow pigment clustered about the blood vessels, 
compatible with a long-standing, post-traumatic atrophic process. 

Postoperative Course to April 1953. No further attacks, epigastric aura or “‘co- 
litis.”” No personality changes. The patient is extremely pleased with operative results, 
and is fully employed at his former job. 


2. Bilateral Subfrontal Tumor: Constipation 6 months. 


Case 2. J.S., 49-year-old executive. Initial symptom was marked constipation for 
4 months, for the first time in his adult life, without change in diet or fluid intake. 
This was followed by visual impairment for 2 months, and later by papilledema and 
headaches without focal signs. He had previously had unusually regular bowel 
habits. Constipation continued for the whole 6 months preceding surgery. 

Operation. Ventriculogram and right frontal craniotomy revealed a low bilateral 
subfrontal invasive tumor. It was soft and necrotic and not accompanied by marked 
increase of intracranial pressure. A generous bilateral subtotal removal of tumor 
(angionecrotic glioblastoma) was done. 

Postoperative Course. X-ray therapy was given. Vision improved and no further 
constipation occurred. A year after operation the patient was promoted to a more 
important executive post. No personality or mental changes have been observed by 
friends or family during the 33 years since operation. 

3. Superior Frontal Convexity Tumor: Urinary retention after progressive 
difficulty in voiding of 6 years’ duration. 


Case 3. J.W., a 50-year-old executive, had suffered progressive difficulty in void- 
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ing for 6 years. For more than a year prior to admission he had to sit on the toil: t 
for 20 to 30 minutes in order to strain hard enough to empty his bladder. Repeate | 
cystometric and cystoscopic studies by a number of G.U. specialists failed to di-- 
close the cause of his difficulty. He finally became depressed, for which electroshoc < 
therapy was administered. Following this, signs of increased intracranial pressur: 
developed without definite localizing signs. 

Operation. Ventriculogram and right frontal craniotomy disclosed a convexity 
meningioma, 3.5 cm. in diameter, close to the falx cerebri. The posterior margin cf 
the tumor lay beneath the coronal suture. 

Course. Following total removal of the mass in 1948 there has been no further 
difficulty in voiding. 


4. Frontoparietal Parasagittal Tumor: Urinary frequency and abdominal 
pressure sensations for 2 weeks. 


Case 4. M.R., a 50-year-old right-handed male, was admitted on Oct. 10, 1949. 
Three months previously he had experienced fleeting weakness and a hot sensation 
in the left leg. During the following 2 weeks, when he had no further symptoms in 
the leg, he noted marked frequency of urination, nocturia, and a sense of pressure 
in the lower abdomen even though the bladder was empty. As these symptoms dis- 
appeared he began to suffer focal seizures starting in the left big toe, and later the 
left leg became weak. 

Operation. On Oct. 28, 1949 a glioblastoma multiforme was found in the right 
sensorimotor cortex and paracentral lobule. 

Course. There were no personality changes. 


5. Deep Temporal Lobe Pathology (type unknown): Colon spasm with 


partial obstruction of colon; cecostomy and laparotomy. 


Case 5. D.B., a 45-year-old male, was admitted to a general surgical service be- 
cause of cramping abdominal pain, abdominal distension, vomiting and signs of 
partial intestinal obstruction. Barium enema revealed marked spasm and partial 
obstruction of the sigmoid colon, for which cecostomy was done. Three days later 
exploratory laparotomy disclosed no tumor or inflammatory process but did reveal! 
marked spasm of the entire colon. Two days later a generalized convulsion occurred. 

A neurological consultant was called who found a right homonymous hemianop- 
sia, dysphasia, and right-sided hyperreflexia, but no papilledema. EEG showed a left 
temporal focus of abnormal activity. Angiography suggested the presence of a low 
parietal or temporal lobe mass. 

Operation. Craniotomy failed to disclose any evidence of gross pathology or in- 
creased pressure. 

Course. Despite supportive measures the patient became progressively drowsy 
and died 18 days later. 

Autopsy disclosed no evidence of tumor, vascular pathology or inflammatory 
process in the brain, brain stem, gastro-intestinal tract or elsewhere. Cultures of 
the cerebrospinal fluid for torula and other organisms were negative. 


Comment. While the cause of death in Case 5 thus far remains obscur: 
(additional sections of the brain are in preparation), the visual field defect. 
other neurological findings and EEG indicated a deep temporal lobe dis 
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rbance on the left. Careful consideration of this case strongly suggests a 
 ntral origin for the spasm of the colon, although proof as yet is lacking. 


6. Tumor of Insula and Adjacent Temporofrontal Cortex: Alternating 
i arrhea and constipation 3 months. 


Case 6. K.W., a 47-year-old male, suffered alternating diarrhea and constipa- 
m for 3 months prior to the onset of headaches, nausea and vomiting. The latter 
mptoms, which began 3 weeks before admission, were associated with personality 
anges in the direction of uncooperative behavior. Clinical studies led to a diagnosis 
right temporal lobe tumor. 

Operation confirmed the presence of tumor. An internal decompression was done. 

Course. There was only temporary relief of pressure symptoms and the patient 
pired 10 days after operation. 

Autopsy showed that a glioblastoma multiforme had invaded the insula and 

« [jacent temporal and subfrontal cortex. 


II. CORTICAL ABLATIONS 


1. Frontal Lobe: Fecal incontinence upon unilateral ablation of Area 6 
ocal anesthesia). 


Case 7. D.S., a 32-year-old right-handed woman was operated upon under local 

novocain anesthesia at a city hospital in 1941, at a time when excision of Area 6 of 
srodmann" was often done for the relief of Parkinsonian rigidity and tremor. She 
suffered from marked rigidity and tremor, mostly of the left extremities, as the result 
of encephalitis. 

Operation. Right frontal craniotomy revealed a somewhat atrophic-looking brain. 
The motor cortex for arm, hand and leg was outlined by electrical stimulation, and 
it should be emphasized that at no time during the entire operative procedure did 
the patient lose consciousness or contact with the environment. Indeed, she was 
unusually alert and cooperative throughout the operation. 

The central and precentral fissures having been identified, a block of cortex ap- 
proximately 2.5 cm. in the anteroposterior plane, 3.0 cm. in the dorsoventral plane, 
and 2.0 cm. in depth was outlined for resection. Silver clips rather than the electro- 
cautery were used for hemostasis. The proposed margins of the excision began 3 
mm. anterior to the precentral fissure, and extended almost to the falx. With a No. 
11 scalpel the anterior margin of the cortical excision was first incised, and then the 
ventral margin. As the posterior margin was completed the patient suddenly ex- 
claimed: “Oh, doctor, my bowels are moving, my bowels are moving and I’m trying 
to stop them but I can’t. I’m terribly sorry—I apologize, but I just can’t help it.” 
A large stool was evacuated at this juncture. 

Course. Following operation she was never incontinent of either urine or feces. 
The left extremities were temporarily weak, though never paralyzed. Improvement 
in rigidity was only transitory. 


2. Bilateral Anteromedial Temporal Lobectomy: Abnormal oral or “‘feed- 
ing” behavior. 


Case 8. A middle-aged chronically psychotic female was admitted to a psychi- 
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atric hospital for alleviation of extremely assaultive, unpredictable behavior th: | 
made her a taxing problem in ward management. She was childishly simple i. 
general attitude and responses. Psychotherapy and electric shock treatment had bec 1 
tried without success. The diagnosis was hebephrenic schizophrenia. 
Psychosurgery was advocated by the psychiatric staff as a last resort. It was fe | 
that even a radical prefrontal lobotomy would not alleviate her assaultive behavicr 
except at the cost of creating an incontinent and thus equally unmanageable patien. 
Bilateral anteromedial temporal lobectomy was therefore suggested on the basis «f 
laboratory data showing that such an operation in primates converted ferocious an.- 
mals into tame and tractable beasts, provided the uncus was bilaterally removed. 
The operation might also distort feeding habits to the extent that almost any avail- 
able object might be seized, placed in the mouth, and chewed or swallowed, regari- 


URINARY 
ees RETENTION 
4 (6 years) 
—meningioma— 


CONSTIPATION Orbital 3 


(4 mos.) 
-glioma- 


EPIGASTRIC AURA 

ABDOMINAL PAIN 

SALIVATION 

MASTICATION 

LACRIMATION 

VOMITING 

HUNGER 

INTESTINAL MOTILITY 

\_VASOMOTOR yy 
~- 

EPISODIC 





Fic. 1. Visceral phenomena associated with cerebral lesions such as tumor or atrophy at sites 
indicated. Some of the data represented in the figures have been culled from the work of other investi- 
gators (see text) 


less of whether or not it was edible. With regard to the psychotic case under discus- 
sion, it was felt that if such a lack of discrimination and forced oral examination 
occurred, these disturbances would probably be transitory. 

Operation was carried out in two stages, the Ist stage, on the right, in December 
1952, and the second 8 weeks later. On each side the anterior portions of the 2nd an: 
3rd temporal gyri were removed as far posteriorly as the vein of Labbé. Each resec- 
tion included the anterior temporal pole, the uncus and the adjacent part of the hip- 
pocampal gyri. 

Course. Following the 1st operation there was no apparent change in the patient s 
behavior, habits, speech, or attitude. After the 2nd procedure she was at first ex 
tremely negativistic, refusing food, fluids and attention, and not speaking save for 
an occasional solitary word like “cigarette.” In about 2 weeks she began to wali 
about and eat and talk, but seemed confused. When handed a cigarette during th 
ensuing month she sometimes lit and smoked it, but on occasions put it in he 
mouth and chewed it up. 
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She has gradually become less confused and less subject to abnormal oral intake, 
1d has thus far remained docile instead of assaultive. She has never been incon- 
i ent of urine or feces, nor subject to vomiting. 


Comment. The temporary postoperative oral reactions, and the lack of 
‘ontinence seem strikingly different from the usual effects of bifrontal 
yotomy. 

3. Bilateral Fractional Ablations of Frontal Cortex. In 1947 an extensive 
idy was conducted by the Columbia-Greystone group’’ on the effects of 
mmetrical bifrontal cortical ablations from different sectors of the frontal 
es in 24 psychotic patients. It should be stressed that visceral disturb- 
ces following these operations were temporary, lasting 1 to 21 days (Table 
and Fig. 2). 

INCONTINENCE 
VOMITING 
Gastric motility + | Vasomotor (ext) + 
- | Intestinal motility 4 Sudomotor 
URRETENTION | 
— VOMITING _ 


Loter: Gastric acidy | 


(SALIVATION 
Intestinal motility + 


Periph. Circ. . 
Later: Gastric acidity, | 


Intestinal motility4 


| GASTRIC ACIDg 


ABNORMAL FEEDING] 
Early: Vomiting and 
variable B.P. J 


Fic. 2. Visceral effects, usually transitory, following symmetrical bilateral ablation of cerebral 
cortex at sites indicated. In Case 7 of the series herein reported the resection was unilateral. 


For the sake of brevity, ablations are described as to their approximate 
location in terms of Brodmann’s cytoarchitectonic chart.” Table 1 summa- 
rizes certain groups of patients, such as all those having had removal of a 
significant part of area 6, under one heading (e.g. urinary incontinence). 
It should be added that all ablations involving the superior frontal gyri 
(SFG) or any part thereof also included resection of its medial aspect. 


III. ELECTRICAL STIMULATION 


Electrical studies were carried out during the course of brain surgery 
for the relief of mental illness because it was believed that any information 
so derived might ultimately prove of benefit to that particular patient, as well 
as to others. At the time these studies were commenced, moreover, rela- 
tively little information was available regarding functions of the anterior 
cingulate cortex and related structures in man. Papez had pointed the way 
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TABLE 1 


Temporary visceral disturbances following bilateral symmetrical ablations of frontal cortex* 








Symptoms 


Site of Cortical Ablation 
(Brodmann’s Areas) 





Salivation 


Vomiting 


Intestinal motility (increased) 


Vasomotor (peripheral circu- 
lation improved) 


Urinary incontinence 


Urinary retention 


Immediate Postoperative Period 
Area 44 (both cases) 


Area 44 

Areas 8, 9 

Area 24 (fecal vomiting) 

Area 44 (bloody diarrhea 1 case, several days) 
Area 11 (1 of 2 cases, diarrhea 1 day) 


Area 24 (for approx. 2 weeks) 


Area 6 (all area 6 cases) 


Area 8-9 (1 case this series, 3 cases other series; 


I.F.G. 

L.F.G. 
S.F.G. 

Ant. Cing. 
LF.G. 
Subfrontal or 


orbital gyri 


Ant. Cing. 


S.F.G, 


S.F.G. 


for 3-14 days) 


Later Postoperative Period 
Gastric motility (faster emp- Areas 6, 8 (also after prefrontal lobotomies) 
tying time) 

(slower emptying time) 
Gastric acidity (HCl) 
Gastric acidity (free acid de- 

creased) 


S.F.G. 


Area 24 
No consistent findings 
Area 9 


Ant. Cing. 





* Compiled from Columbia-Greystone Associates. I.F.G.=Inferior Frontal Gyri. S.F.G.-Su- 
perior Frontal Gyri. Ant. Cing.= Anterior Cingulate Gyri. 


to this type of study in 1937,°8 and subsequent laboratory data*°° had lent 
support to his theory that the anterior cingulate and medial temporal 
cortex were especially important components of a neural system that 


participated in the regulations of emotions. Additional laboratory 
data*!,”.41, 80, 82, 85,87, 92, 93,104 indicated that these parts of the brain may have 
a considerable effect on visceral and autonomic functions also. With a view 
to improving psychosurgical procedures it therefore seemed important to 
find out whether corresponding regions of the human brain reacted in a 
similar way. 

Source of Data. Visceral or respiratory responses to electrical stimulation 
of the human cerebral cortex have been obtained in more than 100 cases by 
the writer and his colleagues.**:**:78:5!.°2 Most of these were cases of non- 
epileptic psychotic patients; 2 were examples of psychomotor epilepsy, 
while in 1 case (malignant brain tumor) the subtentorial cerebellar corte. 
was exposed and stimulated (Table 2) after occipital lobectomy.” 

Data have also been accumulated from other sources. Penfield et al.,™ 
for example, working mostly with epileptics or patients with brain tumo: 
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TABLE 2 








Type of Response 
Site of a eS 
Stimulation Periph. | Masti- | Lacri- 
| Cire. cation | mation 














75* 
+8 


iore) | Posterior orbital 





Anterior temporal 





Uncus® 





Hippocampus 
(intraventricular) 








Lateral mid-temporalt 





Paracentral lobule® 





* These 4 cortical regions were not all stimulated in every case. 
** Borborygmi; flatus. 

t Cases not yet reported. 

t Rectal tonus. 

Note: The darker arrows indicate the predominate effect. 


have elicited epigastric aura from frontal intermediate cortex on the 
superior mesial aspect of the frontal lobe anterior to the motor cortex (Figs. 
1, 3) and from the anterior temporal cortex or the insula. Penfield has 
elicited no alimentary response from stimulation of other parts of the frontal 
cortex, including the orbital gyri.’° Foerster® reported singultus and oral 
movements on stimulation of anterolateral temporal cortex. Chapman, 
Livingston and Poppen‘’:!*:* recorded changes in blood pressure, pulse 
rate, and respiration on electrical excitation of posterior orbital and anterior 
temporal cortex, confirmed by Liberson, Scoville and Dunsmore,*® who 
obtained similar results, as we have, on stimulating these areas as well as 
the uncus. These data have been incorporated with ours in Fig. 3. 

Technique. In all of our eases electrical stimulation was done with bi- 
polar electrodes 2.5-3.0 mm. apart. Prior to 1949 several stimulators were 
used.77:8! Since 1949, when the bulk of this work was done, a stimulator has 
been employed that delivers a square-wave pulse alterable as to frequency, 
pulse width and intensity.*?3.% 

All but a few of our patients have been operated upon under general 
anesthesia (intravenous pentothal sodium supplemented with intratracheal 
oxygen-nitrous oxide). Pre-operative medication for these patients, as well 
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: | Caer 
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VASOMOTOR 


RESPIRATORY 


Fig. 3. Visceral and respiratory responses obtained upon electrical stimulation of the 
human cerebral cortex. 


as those operated on under local novocain anesthesia, consisted of morphine 
sulphate 10 mg. and scopolamine 3 mg. Thus far we have noted no consistent 
differences in current characteristics required to elicit visceral responses in 
patients under general anesthesia as compared with those operated upon 
under local anesthesia only. The operative exposure of cortex was generally 
achieved by the bifrontal craniotomy flap used for topectomy’*:’* except 
for the few obviously different types of exposure used for motor cortex or 
temporal lobe operations. 

Stimulation was begun at subthreshold intensities, allowing at least a 
1-min. interval between stimuli, which were applied for 15 sec. unless a 
response was obtained sooner. Control stimulations up to 22 volts were car- 
ried out on the convex, ventral and mesial aspects of the frontal and temporal 
cortex in areas adjacent to those yielding visceral or respiratory responses. 
These control stimuli did not elicit any observable effects. 

Prior to 1949 blood pressure changes were recorded by frequent determi- 
nations with a standard cuff aneroid manometer, while respiratory and pulse 
changes were noted by the anesthetist. Since 1949 continuous blood pressure 
recordings have been made using the extremely sensitive Lilly capacitometer 
connected to a needle in the femoral artery. This apparatus also indicate: 
alterations in pulse rate and rhythm. 

The respiratory rate and rhythm were continuously recorded by a kymo- 
graph attached to an accordion type chest tambour. Changes in the periph - 
eral circulation were recorded by a digital pneumoplethysmograph. 

Prior to frontal lobe surgery in a few cases, attempts were made to te-t 
the effects of electrical stimulation of the paracentral lobule and adjace: | 
cortex including the cingulate, with regard to bladder tone. Although 1 
water manometer was used attached to an indwelling urethral catheter, 1» 
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d-finite responses were obtained. However, increased rectal tone was noted 
’ digital examination in 2 of 4 patients during stimulation of the caudal 
tent of the paracentral lobule. 
Electrocortical activity (ECG) was studied, using bipolar silver electrodes 
2 mm. in diameter and approximately 6 mm. apart. These were placed in 
iirs close to the stimulated sites as well as on other parts of the fronto- 
mporal cerebral cortex bilaterally.” 


RESULTS 
The temporary visceral, respiratory, and other effects elicited during 
imulation studies by the writer and his colleagues have been described in 
‘tail elsewhere,*:*!:* and are indicated in Fig. 3. 

Significant changes in blood pressure lasted 8 to 45'sec. and were generally 

the direction of an elevation ranging from 10-20 mm. of mercury, and 

ually occurred during the 15-sec. period of stimulation, often without 

her effects such as a change in cardiac or respiratory rate. Occasionally, 

ywever, blood pressure changes took place after the cessation of stimulation, 
sit in such cases, since temporary apnea also occurred, the delayed altera- 
ions in blood pressure may have been secondary to changes in pulmonary 
‘irculation. 

The pulse rate was usually slowed by 10 to 20 beats per min. for a few 
seconds and occasionally extrasystoles were produced. When a striking in- 
crease or decrease in finger volume was indicated by pneumoplethysmo- 
graphic tracings, such changes in the peripheral circulation were also transi- 
tory, lasting for only a few seconds. Vasomotor changes were not necessarily 
associated with respiratory changes as noted below. 

Respiratory changes were characterized by apnea lasting 5 to 45 sec. 
and rarely longer. They were invariably associated with a local electrical 
after-discharge in the cortex immediately adjacent to the stimulated site, 
and sometimes occurred during the expiratory, at other times during the 
inspiratory phase of respiration. Essentially no changes in the rate or rhythm 
of respirations occurred in any of these tests, responses usually being all 
(apnea) or nothing. In one early case, however, acceleration of respiratory 
rate occurred, lasting about 3 min., but this occurred when an unsatisfactory 
type of stimulator was used.*! Operative manipulation might also produce 
such changes.*°:*!: 9° 

Profuse lacrimation was elicited in 1 case (Fig. 4) under general anes- 
thesia on stimulation of the anterior lateral extent of the hippocampus 
(within the temporal horn of the lateral ventricle). No coincident respiratory 
changes occurred and there was no pupillary dilatation, although this 
phenomenon was being looked for. In 2 similar cases lacrimation was not 
elicited. Stimulation of anterior cingulate cortex in 2 cases was associated 
with plainly audible borborygmi and in 2 others with violent passage of gas 
by rectum. 

Mid-transtentorial cerebellar stimulation close to the midline was carried 
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out under local anesthesia in 3 cases prior to 1949 following occipital lobec - 
tomy for malignant tumor.” In 1 of these cases (Fig. 4) the blood pressur » 
temporarily became unobtainable coincident with cerebellar stimulation , 
which also yielded phasic leg movements. No changes occurred in the bloo | 
pressure in the other 2 cases. This single observation, however, suggests tha! 
there is autonomic representation in the cerebellar cortex of man as Moruzzi 
has shown in animals. 


-Intraventricu/ar 
Hippocampus 


Cerebellum 


BP Y 


Fig. 4. Visceral responses upon electrical excitation (a) of the intraventricular portion of the 
hippocampus; and (b) of the subtentorial surface of a cerebellar hemisphere in man. 


Pupillary dilatation, which was obtained only upon stimulation of an- 


terior cingulate cortex,*! is not a visceral response and is therefore omitted 
from this discussion. 

It is important to note that all the responses that have just been de- 
scribed did not occur in any given patient. Certain types of vasomotor re- 
sponses might occur independently of other types and in the absence of other 
changes such as apnea. Apnea, on the other hand, was frequently elicited 
without vasomotor changes, and so on. 

It also became clear that stimulation of given points might give rise to 
only one type of response while stimulation only 2 mm. distant would yield 
a totally different response. Thus, for example, intraventricular excitation 
of the hippocampus (Fig. 4) resulted in lacrimation without apnea in 1 case, 
while in the same case with stimulation 2 mm. caudally by the same curren! 
parameters, temporary apnea ensued. At 2 mm. further caudally no re- 
sponses were detected. 

Finally it should be stated that effective current thresholds were lowes! 
for the uncus and hippocampus, and comparable to motor cortex thresh- 
olds,” higher for the anterior temporal and posterior orbital cortex, an! 
highest, as a rule, for the anterior cingulate gyri. 


DISCUSSION 


The ablation and stimulation studies just reported tend to substantiat » 
many of the clinical observations on cerebral localization of visceral phx - 
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nomena in man. At the cortical level of both the human and sub-human 
brain, the most widespread visceral representation appears to be in the 
linbie system or “‘visceral brain,’’*-*’ which includes the anterior cingulate, 
aiterior temporal and posterior orbital cortex as well as the insula, 
uacus, amygdaloid nuclei and the hippocampal gyri. Anatomical stud- 
jc 3° 7-15,26,31,76,86,97 electrical stimulation,®:*9:4!-4.5.57,87-9 and the spread of 
e ectrically induced after-discharge,***’:*:* indicate close structural and 
f netional linkage of these component parts of the visceral brain. Its im- 
portance in emotional as well as visceral control**:**-**-7? makes the visceral 

Ur. Incontinence 

G.|. Disturbances 





ond Resp., 
DISTURBANCES 


G.1.,Vasomotor, WL 


Ant. temp 


Fic. 5. Composite diagram indicating visceral representation by the human cerebral cortex as 
revealed by the effects of pathological lesions, surgical ablations, and electrical or mechanical stimulation. 
The numerals refer to Brodmann’s areas (see text). U=uncus. H=hippocampal gyrus. Cing.= anterior 
cingulate gyrus. Ur.=urinary. Lac.=lacrimation. The shaded zone near left lower corner of diagram 
indicates orbital gyri or subfrontal cortex while the remaining shading suggests the position of the 
lateral ventricles. 


brain or limbic ring*’ therapeutically significant with regard to psychosur- 
gery, and diagnostically significant with regard to earlier localization of in- 
tracranial lesions. 

Laboratory data described by Anand and Brobeck* and MacLean,*’ to- 
gether with some of the clinical data reported above, suggest the probability 
of even more discrete localization of many important visceral and emotional 
functions in the human brain than indicated thus far. Further investigations 
should prove of great value. 

The temporary nature of visceral symptoms following cortical ablations 
in animals" and man indicate that other remaining parts of the brain (not 
necessarily part of the limbic system or visceral brain) also regulate some of 
these functions, as illustrated by the widespread cerebral representation!27:% 
of autonomic regulation, the fact that gastric aura may be elicited from 
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frontal intermediate cortex” as well as from the insula and anterior tempora 
cortex, or that the peripheral circulation may be influenced not only by 
portions of the visceral brain, such as the uncus and anterior cingulate corte: 
(cf. above), but also by the motor and premotor cortex." 

As to control of the urinary bladder, it appears that incontinence or re 
tention of urine may depend rather on the localization of bilateral superio: 
frontal ablation (cf. above) than on a shock factor,’ although more stud) 
is needed to settle this point. The posterior extent of the superior fronta! 
gyri also seems to be important in regulation of gastric and intestinal mo 
tility as indicated by ablation studies, some of which were preceded and 
followed by barium meal studies.!* Gastric acidity may likewise be alterec 
by ablation of frontal cortex, particularly of posterior orbital or posterior 
superior frontal gyri.'°! These findings are in keeping with laboratory data 
indicating gastro-intestinal regulation by frontal cortex in animals.*: 9:74.61 
Perhaps there is a relation between these findings and the occasional occur- 
rences of a gastric ulcer after frontal lobotomy, relief of ulcerative colitis 
by topectomy (personal observation), or gastric hemorrhage in association 
with intracranial lesions.**: 4 

With further regard to alimentary functions it is pertinent to mention 
taste and the sense of smell. It has of course been made clear by Papez,** 
von Bonin" and others that while olfactory perception is represented in the 
medial anterior aspect of the temporal lobes, this rhinencephalic portion of 
the brain is by no means exclusively concerned with the sense of smell but 
deals also with visceral and emotional functions. While disturbances of taste 
may be caused by deep temporal lobe pathology, Shenkin and Lewey"™ and 
von Bonin" pointed out that taste may be represented in the lower parietal! 
sensory cortex of man as in the corresponding cortical area of the primate 
brain" and the related portion of the thalamus.*? 

Parenthetically it may be worth noting that vasomotor changes may be 
induced by stimulation of the cerebellar cortex in man” as in animals and 
that piloerection may be represented in the frontal cortex in man.*! It may 
be ultimately found, furthermore, that all cortically represented visceral! 
functions have specific areas for activation and adjacent areas for inhibition, 
as demonstrated for other phenomena”*:**:!" and many autonomic functions. 

Since the subcortical localization of visceral functions is beyond the 
scope of this discussion, the reader may be referred to the summaries of 
Fulton?’ and Hess,™ the work of Wang*:**:°° on medullary centers for saliva 
tion and vomiting in cats, and White’s !° account of autonomic disturbance: 
upon electrical stimulation of the hypothalamus of man. 

Subcortical connections between the frontal and temporal cortex to th: 
thalamus, hypothalamus, brain stem and spinal cord have been demon 
strated in laboratory animals?:®.?6.42,46,59,60, 82,86, 94,96,97 and mam,138,62,63,1 
The complexity and close juxtaposition of many of these fibre paths mak: 
accurate application of this knowledge, as in psychosurgery for examp| 
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lifficult if not impossible with present techniques. Obviously there is need 
‘or further study. 

As to emotional changes effected by isolation or ablation of parts of the 
sceral brain, these have usually been beneficial, as emphasized by several 
riters with reference particularly to the anterior cingulate**:” and orbital 
ri!®.78.88 in psychotic patients and the anteromedial temporal cortex in 
ses of psychomotor epilepsy.*:*°:”? The effects of medial temporal isolation®® 
‘ablation® on emotional reactions in man, however, are not as striking as 
animals,“ perhaps because present knowledge and techniques do not per- 
it sufficiently accurate pinpointing of crucial structures. The fact that 
xta-limbie lesions, such as certain temporal lobe lesions or those effected 
frontal lobotomy or topectomy, may result in visceral and/or emotional 
ianges® may in part be caused by a “release’’ phenomenon exerted on the 
\jacent closely related limbic system. It is also possible that visceral or 
aotional effects may be masked or cancelled by simultaneous juxta-limbic 
irgical procedures if it can be assumed that both an effector and inhibitor 

hinetion may be sacrificed simultaneously. 
SUMMARY 
1. Pathological and surgical lesions, together with electrical studies of 
the cerebral cortex, have been described with regard to efferent and afferent 
visceral representation in the human brain. 


2. These observations suggest that the “visceral brain” or limbic system 


has essentially the same general structure, properties and functions in ani- 


mals and man. 

3. Visceral representation in man is also found in non-limbie cortex, and 
is prominent in the motor and premotor cortex. 

4. The fragmentary nature of the data described indicates the need of 
further study. 

5. The importance of some of these observations with regard to psycho- 
surgery is mentioned. 
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N OPENING this discussion,f I wish to extend congratulations to Drs. 

Pool and MacLean for the meticulous and painstaking collection and 

presentation of data. Their work begins to be monumental. Dr. Poo! 
and his associates are embarked in collecting from known cortical areas a 
vast accumulation of physiologic and behavioral data similar to that im- 
pressive work already accomplished on animals by Dr. Fulton’s associates, 
especially Dr. MacLean. Their respective works will sow seeds for future as 
well as present knowledge. 

For the past four years in Hartford, we have been embarked on a study 
of the limbic area in man, which, as you know, includes the rhinencephalon, 
the anterior cingulate, and posterior orbital cortices. We have isolated, by 
the ‘‘undercutting”’ technique, the anterior cingulate gyrus and the posterior 
orbital cortex in a series of fractional lobotomies performed on schizophrenic 
and neurotic patients. More recently, we have both stimulated and resected 
bilaterally various portions of the rhinencephalon in carrying out medial 
temporal lobectomies on schizophrenic patients and certain epileptic pa- 
tients. I speak with all humility of the small bits of passing data we have 
accumulated in carrying out these operations on some 230 patients.*® 

Cingulate and Orbital Areas. Stimulation of the anterior cingulate and 
posterior orbital regions has given meager results.” Cortical isolation of the 
rostral cingulate gyrus and the orbital cortex, respectively, has resulted in 
appreciable improvement in some 50 per cent of schizophrenic psychoses, 
roughly approximating the results obtained in standard lobotomies. Orbital 
isolation has given a most gratifying improvement in depressions, psycho- 
neuroses, and tension states without any gross blunting of personality.*® Fol- 
lowing these undercuttings, there were no other changes in personality ex- 
cept for some lightening of mood and a distinct increase in libido in certain 
cases of orbital undercutting. 

Medial Temporal Areas (Rhinencephalon). Uneal stimulation gave 
marked results with respiratory arrest, loss of consciousness, and clinical or 
electric seizure formation. Bilateral resection of the uncus and amygdalum 
alone,” or in conjunction with the entire pyriform amygdaloid hippocamp.! 
complex, has resulted in no marked physiologic or behavioral changes wit’: 

* Presented at the meeting of the Harvey Cushing Society, Hollywood, Florida, April 23, 1953. 

¢ 85 Jefferson Street, Hartford 14, Connecticut. 


t This discussion is based on work accomplished jointly with R. H. Dunsmore, C. E. Henry a: 
W. T. Liberson, E. K. Wilk and A. J. Pepe. 
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ie one exception of a very grave, recent memory loss,* so severe as to prevent 
ie patient from remembering the locations of the rooms in which he lives, 
ie names of his close associates, or even the way to toilet and urinal. There 
las been no apparent increase in libido or sexual activity, no remission of 
uditory hallucinations, and no gross rage reaction. A temporary calming 
action, similar to that found after other fractional lobotomies, occurred. 
‘allucinations of smell were not apparent following uncal stimulation. 
omiting and temporary loss of consciousness occurred commonly during 
\anipulation of the uncal region, but following resection they disappeared. 
Electrocorticography. ECGs of the cingulate and posterior orbital gyri! 
ere not remarkable. The resting uncus exhibited an ECG quite different 
om all other frontotemporal cortical areas studied. Following stimulation 
' the uncus, focal seizure patterns with afterdischarge resulted, spreading 
) the orbital and contralateral uncus but not to the superior frontal con- 
exity. 
Mental Changes. Psychiatric changes were meager and largely quantita- 
ive after medial temporal resections, being exceptional only in a schizo- 
phrenic patient in whom 9 em. of the medial surface cortex of the temporal 





Figs. 1-3. Illustrating the three areas studied in the limbic lobe complex. 
(1) Orbital. (2) Cingulate. (3) Medial temporal. 


lobes had been removed bilaterally. Of considerable interest has been the psy- 
chiatric result obtained by inadvertent damage to midline structures in the region 
of the hypothalamus and midbrain in three patients. 


* This loss was apparent in the 2 patients undergoing bilateral resection of the entire complex includ- 
ing the hippocampal gyrus extending posteriorly for a length of 8-9 cm. from the tips of the temporal lobes. 

Addendum. An additional 2 patients with sphenoid ridge meningioma and aneurysmal temporal lobe 
clot were subjected to unilateral nondominant inferior temporal lobectomy with deliberate resection of 
the hippocampal complex because of incisural hippocampal herniation from malignant edema. These 2 
patients continue to show grave loss of memory at 2} years and 6 weeks postoperatively, respectively, 
without any impairment of deductive reasoning, suggesting a relationship between these areas and recent 
memory, although both patients obviously had diffuse damage from edema. 
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Epilepsy. In line with the observations of Gibbs, Bailey, Jasper, and Pen 
field on the prevalence of medial temporal lobe seizures and the known epi 
leptogenic quality of the uncus to stimulation, an interesting query comes t: 
mind—could bilateral resection of such known epileptogenic areas as th 
uncus raise the threshold for all fits, as do pharmaceutical anticonvulsants: 

In conclusion, it is our belief, or perhaps I should say fantasy, that th 
limbic lobe of man may not yield up the secrets of smell, or of auditory 
hallucinations, or of fundamental mechanisms of mental disease and o 
epilepsy. However, continuing limbic lobe studies may bring us one blind 
step nearer to the location of these deeper mechanisms. Who knows but that 
in future years neurosurgeons may apply direct selective shock therapy to 
the hypothalamus, thereby relegating psychoanalysis to that scientific limbo 
where perhaps it belongs? And who knows if neurosurgeons may even carry 
out selective rhinencephalic ablations in order to raise the threshold for al! 
convulsions, and thus dispense with pharmaceutical anticonvulsants? 
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EUROLOGICAL symptoms and signs are variable in spondylolisthesis of 
N the 5th lumbar on the Ist sacral segment. According to Meyerding?’ 
~ sciatic pain is not common unless there is a protrusion of an inter- 
\ertebral disc. He found that the association of backache and sciatic pain 
\was More common among males than females: 78.8 per cent to 21.2 per cent. 
A\ total of 18 cases of sciatica—10 unilateral, 8 bilateral—were found by 
(:uri‘ in his series of 60 cases. Three patients had numbness and paresthesia 
of lower extremities; 2 had abolished Achilles reflex bilaterally. Signs of nerve 
root compression were noted by Macnab‘ in 11 patients. The ankle jerk was 
absent in all of them, and the knee jerk was absent in 2. One patient had an- 
esthesia in the distribution of the 4th lumbar dermatome, and 2 showed 
marked weakness of the quadriceps, tibialis anterior, and tibialis posterior. 
In 1 patient who had never suffered from backache or sciatica the presenting 
svmptom was a dragging of the left foot. 

As to the cause of pain in spondylolisthesis, Kleinberg’ called attention 
to the fact that the laminar defect in a pre-spondylolisthesis of the 4th or 
5th lumbar vertebra is close to the lumbar nerve roots. Consequently, when 
the connective tissue bridging the bony hiatus is injured, the resultant 
hemorrhage and edema may irritate the nerve roots. Macnab® spoke of dis- 
placement of the vertebra forward associated with narrowing of the two in- 
ferior intervertebral foramina. The osteoarthritis which occurs in the articu- 
lar joints may be associated with marked capsular thickening, and occasion- 
ally there is spur formation on the posterior edge of the displaced vertebral 
body. Any one or all three of these factors may play a part in root com- 
pression. Macnab also thought that the roots may be compressed by the 
lamina of the displaced vertebra or by an associated prolapsed interverte- 
bral dise. 

Low back symptoms in patients with spondylolisthesis are probably 
caused by narrowing of the intervertebral disc and arthritic changes in the 
lumbosacral articulation, Caldwell? stated, rather than by progressive dis- 
placement of the spinal column with consequent drag upon the supporting 
ligaments. 


* 16 Hampton Village Plaza, St. Louis 9, Missouri. 
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The classical treatment of spondylolisthesis has been lumbosacral fusio1 
by either the Hibbs or Albee method or some variation or combination o 
the two. Myerding’s’ results with fusion in 118 patients are recorded as 
good in 60.1 per cent; improved in 28 per cent; and unimproved in 11.9 pe 
cent. Guri' reported 69.2 per cent of good results in 39 patients treated by 
spinal fusion, and only 41.1 per cent in 34 patients treated by conservativ: 
measures. Briggs and Keats! emphasized the poor results obtained with 
conservative treatment. They presented 18 patients operated on for the relie! 
of backache and leg pain associated with spondylolisthesis. In 9 patients with 
no history of leg pain and no evidence of root compression, the operation 
consisted of laminectomy of the affected vertebra with subsequent Hibbs 
type of fusion. In the other 9 patients with nerve root involvement and se- 
vere pain in the legs, a thorough exploration of the intervertebral foramina 
was necessary. In addition to the laminectomy and chip fusion, the authors 
performed a foraminotomy of the roots compressed on the side of the sciatic 
pain or bilaterally if there was pain in both legs. When they removed the 
roof of the foramen with a sharp osteotome and curette, the nerve root 
seemed to bulge out and expand. The exposed roots were covered with fat 
grafts. Performing a Hibbs fusion in routine manner, they were careful to 
cover the area of the exposed dura mater and roots with small, flat bone 
chips. They found a dise protrusion in only 1 of the 9 patients with sciatica. 
These authors stated that a fusion is always necessary and have obtained 
good results in 18 patients operated on. 


SYMPTOMS 

Low back pain is usually the first symptom in spondylolisthesis. This 
low back pain may be severe and is often disabling and chronic. A trifling 
injury may bring on acute pain. Besides low back pain, unilateral or bilateral! 
sciatic radiation is common in the more severe degrees of the disease. 
Sometimes the pain will be so predominantly unilateral that one suspects 
the presence of an intervertebral disc lesion. The pain may radiate along 
the course of the sciatic nerve to the foot and may be increased by coughing, 
sneezing, and straining at stool. Forward bending and straight leg raising 
are likewise painful. 

PHYSICAL FINDINGS 

The physical findings depend largely on the degree of spondylolisthesis 
There may be no neurological findings, and diagnosis may depend entirely 
upon x-ray. In the more advanced degrees of spondylolisthesis, there is : 
definite offset; the 5th lumbar spine is displaced over the Ist sacral so tha 
one can feel a definite ledge when he examines the patient in the uprigh' 
and flexed positions. Signs of bilateral or unilateral compression of the 5t! 
lumbar and Ist sacral roots are often present. They consist of weak or absen 
ankle jerks, hypesthesia over dorsum of foot and lateral aspect of the cali 
and atrophy and weakness of lower leg musculature. 
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MECHANISM OF THE NEUROLOGICAL SYMPTOMS AND SIGNS 

The importance of the fibrous isthmus of the neural arch at L5 and $1 in 
‘diagnosis of spondylolisthesis and pre-spondylolisthesis was pointed out 
Galluccio.’ There may be concomitant spina bifida or a failure of the up- 

articulating facet of the 5th lumbar lamina likewise to fuse with the lam- 

. The back pain has been attributed to abnormal pull on the articulating 
ets of the 5th lumbar lamina with the Ist sacral segment. Sciatic pain has 
stomarily been attributed to compression of nerve roots or to concomitant 
ervertebral disc lesion of L5-S1. I have done numerous explorations for 
ervertebral dise lesions in patients with spondylolisthesis in conjunction 
h orthopedic colleagues. I have never encountered a lesion of the inter- 
‘tebral disc. I have talked to numerous orthopedic surgeons, and none of 
‘m has seen such a lesion. Briggs et al.' reported 1 case out of 25 with a 
ce lesion. 

My attention was first called to the causative mechanism of the neuro- 
‘ical symptoms and signs in the first patient on whom I operated, Mrs. 
E. (Case 1). This woman had a severe Grade IV spondylolisthesis with 
irked bony reaction and spur formation about the intervertebral dise of 

L. and S1. At operation I found that the lamina and spine of L5 were freely 
movable. After cutting the ligaments of the facets between L5 and S1 and 
cutting the interlaminal ligaments of the facets between L4 and L5, the 
fibrous isthmus between the lamina and pedicle of L5 could then be cut. The 
intact specimen could then be completely removed. At this point, I could 
see that this lamina of L5 had been pulled downward by the slipping forward 
of L5 body on $1. There was definite compression of L5 and S1 roots which 
was obviously accentuated in the erect position by wedging forward of the 
5th lamina, spine and inferior facets between the spine and lamina of the 4th 
lumbar and Ist sacral segments. This compression is demonstrated in Fig. 1. 
This has been my experience in all patients operated upon thus far, whether 
it be a pre-spondylolisthesis (Fig. 2) with a completely fibrous isthmus and 
a freely movable spine and lamina of L5, or a severe 3rd or 4th degree for- 
ward displacement of L5 on $1 (Fig. 1). 

The reason spinal fusions have not been particularly successful in the 
treatment of spondylolisthesis is related to the freely movable lamina and 
spine and inferior articulating facets of lumbar 5 vertebra. This lamina with 
the spine and facets serves no useful purpose since it is freely movable, and 
is attached to the pedicle, to the sacral facets, and to the lamina and facets 
above by fibrous tissue only. I believe that the spine, lamina, and facets of 
L5 should be removed at laminectomy with dissection of the pedicle on 
either side of L5 vertebra so that the lumbar 5 and the Ist sacral roots are 
perfectly free. This procedure, I think, will relieve the postoperative mor- 
bidity and pain that are common after lumbosacral fusion. I believe that 
patients with pre-spondylolisthesis, i.e., with an isthmus defect demon- 
strated by x-ray, will be completely relieved in most instances with removal 
of the lamina and facets of L5 without spinal fusion. In individuals with 
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Sacral 
Nerve | 
Exposed 


Fic. 1. Dissection of lumbosacral area in a Ist degree spondylolisthesis, showing the impingement 
upon the 5th lumbar and Ist sacral roots of the freely movable 5th lumbar lamina and spine, and the 
accentuation of this impingement when the individual assumes the erect position. 


Grade IT and IIT spondylolisthesis, complete and permanent relief may quite 
possibly be obtained by similar measures, although the patients should be 
observed carefully for any further progression of the disease so that fusion 
can be instituted if necessary. In patients up to 25 years of age, I believe 
spinal fusion should be done to prevent further slipping. In the older age 
group there is usually a marked amount of bony proliferation about the disc 
space of L5 and S1, and frequently there is an arthritic fusion of lumbar 5 
and sacral 1 bodies before the patient reaches the surgeon. 


CASE REPORTS 


Case 1. Mrs. C.E., a 69-year-old woman referred by Dr. John Hayward, was 
admitted to Missouri Baptist Hospital on Jan. 11, 1950, and was discharged Jan. 
30, 1950. 

Her chief complaint was a shooting pain in the left lower extremity since Ma 
1949. In May, 1949, she had a fall. Afterwards, she experienced low back pain at 
bilateral sciatic pain, particularly when walking. During the last few weeks she h: 
noticed some numbness of the lateral aspects of her lower limbs and some weakne-s 
of dorsiflexion of both lower extremities, 
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Examination. There was limita- 
n of forward bending and of straight 
raising bilaterally. There was hy- 
sthesia over the outer aspect of both 
ves and the dorsum of the foot. 
ere was weakness of dorsiflexion of 
h feet. The ankle jerks and knee 
ks were absent. 

X-rays of the spine showed a 
rked spondylolisthesis with 1 cm. 
anterior displacement of L5 on $1. 
ere was also a moderately advanced 
eoarthritis. A myelogram was nega- 
oP 
Operation. On Jan. 20, 1950, an in- 

ion was made over L4 and 5 and S1 

nes and the muscles were separated 

e bilaterally to the extent of the 

iculating facets. The spine and lam- 

_ of L5 were freely movable and the 
isthmus was obviously fibrous. Ac- 
cordingly, the ligaments holding the 
lower facets were incised, and the 
spine and lamina of L5 were removed. 
The pedicle was carefully dissected so 
that the nerve roots at L5 and S1 were 
completely decompressed out into the 
root canals. 

Course. Following operation this 
patient has done very well and at the Fic. 2. Lateral view of lumbosacral area dem- 
present time (3 years later) is com- — onstrating the lesion encountered with a pre- 
pletely free of pain. spondylolisthesis, and showing the proximity of the 

5th lumbar nerve root to the freely movable lamina 

Case 2. Mr. C.W., a 48-year-old 21d spine of L5. 
white man, was admitted to Firmin 
Desloge Hospital on July 13, 1951, and was discharged on Aug. 22, 1951. 

His chief complaints were pain in the left sacroiliac area, pain in both legs, and 
weakness in the left leg. 

Two years before admission, the patient first felt numbness of the left leg and 
foot while pushing a lawnmower. The numbness lasted for more than a month, 
then cleared spontaneously. In March, 1951 the numbness returned, and he had 
some loss of balance. During the week before he was admitted to the hospital, his 
symptoms became much worse and he first noticed marked weakness of the left leg. 

His past history revealed that he had had a gastroenterostomy at the Park Lane 
Hospital for a gastric ulcer, and his recovery was complicated by a postoperative 
ventral hernia. 

Examination. The patient was an emaciated individual, in good physical vigor. 
He had an ataxic gait and tended to evert his left foot. The abdominal reflexes were 
negative; cremasteric reflexes were positive. There was hypesthesia of the left foot 
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and ankle, both dorsal and plantar surfaces. The position sense was absent in t] 
left great toe. The deep reflexes at both knee and ankle were absent. The back w 
tender over L3, 4 and 5. There was atrophy of the left leg and thigh and weakne 
of adduction and internal rotation of the left leg. 

X-rays of the spine showed marked hypertrophic spondylitis in the lumbar spi: 
with a fusion of L2 and 3, with absence of the disc at this level. There was an anteri: 
displacement of the last lumbar vertebra in relation to the sacrum, or spondyloli 
thesis. 

Operation. On July 17, 1951, the spines and laminae of L4, L5 and S1 were e 
posed laterally to the facets. The isthmus of L5 was fibrous and the lamina wis 
freely movable. The lamina and spine were removed and the rudimentary pedic 
was dissected with a sharp curette. The nerve roots at this level were freed entirely 
and considerable arachnoiditis was noted both inside the spinal canal and about the 
roots. No effort was made to remove these adhesions; the spinal canal was left open 
and a piece of gelfoam was placed over the open dura mater. 

Course. The patient had a very rough postoperative course and an intestinal ob- 
struction developed which gradually cleared by the aid of Wangensteen suction. It 
was finally necessary to do a jejunostomy for feeding. The patient since then has 
had his gastroenterostomy taken down and is in need of a resection of the stomach 
for his gastric ulcer. On Aug. 23, 1952 the orthopedist stated that the patient had 
no back pain, no tenderness, and no weakness. 


Case 3. L.E.D., a 15-year-old white boy, was admitted to Firmin Desloge Hos- 
pital on Dec. 12, 1952. 

His chief complaint was pain in the lumbar area of 1 year’s duration. In Decem- 
ber, 1951, a year before admission, the patient “felt something pull in his back”’ as 


he shot a basket in a basketball game. For the next 2 weeks he had a stiff back and 
felt vague, undefined pains along the outer aspect of his left thigh. He was not greatly 
disabled, but his back continued to become more stiff during the next 2 to 3 weeks. 
The pain began to radiate down the posterior aspect of the left thigh. 

In December, 1951, he was taken to Memphis, where he was told that he had a 
ruptured intervertebral disc. A brace somewhat relieved his back pain, but the shoot- 
ing pain in the leg continued to get worse and the whole lower back seemed “‘tied in 
a knot.” 

Examination. The patient stood cautiously and favored the left leg. When walk- 
ing he tended to drag the left leg. When he lay on his back, he tended to hold the left 
leg flexed and externally rotated. When standing, there was an obvious pelvic till, 
with the right higher than the left by 1} inches. There was a scoliosis of the dorsi! 
spine to the right. All muscles in the lumbosacral and dorsal area were spastic, and 
there was tenderness in the lumbosacral area. The left leg was smaller than the 
right; the gastrocnemius on the left measured 28 cm., on the right 28.75 em.; mid- 
thigh 45 em. on the left, 46 on the right. The knee jerks and ankle jerks were weak t» 
absent on the left, and present and active on the right. Sensation was decrease:| 
over the anterior aspect of the left thigh, and the plantar and dorsal aspects of th- 
left foot. There was weakness of plantar flexion and dorsiflexion of the left foot. 

Operation. A wide exposure of the spines and laminae of L4, 5 and S1 to the facet ; 
was made on Jan. 6, 1953. The lamina and spine of L5 were freely movable on th: 
pedicle. After incising the ligaments holding the facets, the lamina and spine we! 
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ren oved. Then the rudimentary pedicle was dissected with a curette, and the nerve 
roo's at the 5th space were completely freed on both sides. The dise space was then 
ent red and curetted bilaterally to completely remove all disc material. An unsuc- 
ces ul effort was made to reduce the dislocation, and at this point Dr. Robert 
0’}:rien entered the operation and did a classical Hibbs’ type of fusion. 

‘ourse. Following operation, the patient had a little difficulty in voiding for a 
fev days. He had a little fever (101—-102°) for 48 hours. Except for this, his post- 
op: ative course has been uneventful. 

\t this writing (Feb. 23, 1953) the patient is up and about with a cast, and states 
ths he has had no pain in his legs or back since operation. The hypesthesia has 
dis. ppeared. The ankle jerks are again equal and active. 

X-rays of this boy’s back taken preoperatively showed a definite 3rd to 4th 
de: -ee spondylolisthesis with marked forward dislocation. Following operation, 
x-r' vs of the lumbar spine likewise have shown the dislocation forward of the 5th 
lun bar on 1st sacral vertebrae. 


‘ase 4. Mr. L.E.B., a 44-year-old white man referred by his attorney, was ad- 
mii‘ed to St. Mary’s Hospital on Nov. 20, 1952. 

lis chief complaint was pain in the back and pain down the leg. The patient was 
he] »ing to lift a piece of pig iron from the rear end of a truck while at work. The iron 
slipped; the man caught it. Although he was pulled over backwards, he did not fall. 
He got the iron into the truck, but he felt something snap in his back. He continued 
to work that day, delivered his truck order, and he told his foreman that he had 
hurt his back. He delivered one more load and sat down to relax, and then he 
couldn’t get up. Although injured in July 1951, the patient kept working until the 
next March. Then he entered Missouri Baptist Hospital where a myelogram was 
done and x-rays were taken. Nothing could be found to indicate the cause of his 
trouble, and he was given a belt to wear. 

When questioned, he said that the pain was centered low in his back, that it 
radiated into the right hip joint and sometimes went as far as the back of his knee. 
The pain was definitely increased on coughing or sneezing. 

Examination. There was limitation of straight leg raising on both sides, more 
pronounced on the left, and limitation of forward bending. Ankle jerks were weak to 
absent bilaterally. There was hypesthesia over L4 and 5, more marked on the left. 
A second myelogram was also negative. The total protein was normal. 

Course. After consulting the company attorney, the patient was dismissed from 
the hospital and sent to Dr. H. R. McCarroll for consultation with the recommenda- 
tion that an exploration be done for a possible ruptured intervertebral disc not 
visualized by myelography. Dr. McCarroll agreed that the man should be explored. 
On Jan. 14, 1953, he was readmitted to St. Mary’s Hospital. 

Operation. On Jan. 31, 1953, with the patient under ether anesthesia, the usual 
unilateral exposure of the space between L5 and $1 and between L4 and L5 was done 
The nerve roots were inspected and retracted medially, and the disc spaces were 
found to be entirely normal. A bilateral exposure was then done. As the operation 
progressed and more and more ligaments were cut, it became obvious that the lam- 
ina, spine, and facets of L5 were completely movable on the pedicle, and that we 
were dealing with a pre-spondylolisthesis. Accordingly, the ligaments connecting 
the lower facets of L5 to the sacrum were cut; the interlaminal ligaments were re- 
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moved bilaterally above and below this lamina, and then by retracting the spine 
upward we were able to cut the fibrous isthmus and remove the lamina and spine 
of L5 intact. The 5th lumbar and Ist sacral roots were then completely free. 

Course. After operation this man improved rapidly. He said on the follow ng 
day that for the first time since injury he had relief of the pain in his legs. He ieft 
the hospital on the 7th postoperative day after removal of his sutures. His leg p.in 
gone, he is now ready to return to work. 


Case 5. Mr. G.E., a 35-year-old white man, referred by Dr. Eugene Dmytryk, 
St. Louis, was admitted to St. Mary’s Hospital on Feb. 10, 1953. His chief complaint 
was that for 3 years he had had a pain in the back with radiation down the left leg. 
The pain first developed in the lower back to the left of the midline, radiating down 
the left leg. It was constant, intermittent in severity, and extended as far as the back 
of the foot. It was accompanied by tingling and numbness of the foot, but there was 
no anesthesia. The patient tended to limp and to drag his left leg. Heat and cold to 
the back of the leg helped somewhat. He had been able to work, was told that he 
had a ruptured disc, and operation was advised. He had refused the operation. 

Examination. He was a somewhat obese white male. He had marked tenderness 
over the lower lumbar spine. There was limitation of straight leg raising bilaterally, 
particularly on the left. There was limitation of forward bending. There was a hypes- 
thesia of L4 and 5 on the left. The ankle jerks were bilaterally absent. The knee 
jerks were equal and active. X-rays of the lumbar spine showed no subluxation at 
L5 on S1, but there was a definite narrowing of the isthmus of L5 bilaterally. A 
diagnosis of pre-spondylolisthesis was made. A myelogram was negative. The total 
protein of the spinal fluid was normal in amount. 

Operation. On Feb. 17, 1953, the muscles were separated free from the spines and 
laminae of L4, 5, and $1 out as far as the articulating facets. The spines and laminae 
of L5 and S1 were freely movable and obviously attached to the body of L5 by 
merely fibrous union. The ligaments of the lower articulating facets were cut to- 
gether with the ligamentum flavum above and below L5. The lamina, spine, and 
facets were removed, and the rudimentary pedicle of L5 was dissected bilaterally 
with a curette. The nerve roots were completely freed out into the nerve root canals. 

Course. Since the operation, the patient has had no pain and is now ready to 
return to work. 


Case 6. Mr. C.R.G., a 29-year-old white man referred by Dr. James Shy of St. 
Louis, was admitted to Missouri Baptist Hospital on Feb. 2, 1953. He complained 
of a pain very low in his back, a pain which radiated down the back of his left leg. 
He said that the leg would fall asleep and that numbness would start in his foot and 
go up the side of his leg. There was no definite history of back injury, although he 
stated that he had hurt his back slightly while moving furniture. He had had back 
pain for several years. A member of the Merchant Marine, he was seen at Marine 
Hospital in New York where he had an attack of back pain. No measures were 
prescribed for its relief. 

Examination. There was slight limitation of forward bending and of straight ‘eg 
raising. There was hypesthesia over L5 and S1 dermatome on the left side. The ankle 
jerk of the left was slightly diminished as compared with that of the right, and beth 
were inactive as compared with the knee jerk. There was tenderness of the lower 


back. 


A myelogram was entirely negative. X-rays of the lumbar spine showed a spiia 





JOS- 


nee 
1 at 
A 
otal 


and 
nae 

by 

to- 
and 
ally 
als. 
vy to 


Pe: 
ined 
leg. 
and 
h he 
yack 
rine 
were 


eg 
nkle 
both 


over 


pila 


SPONDYLOLISTHESIS AT 5TH LUMBAR, 1ST SACRAL LEVEL 75 


bifila occulta of the 5th lumbar spine and lamina. There was a definite spondylolis- 
thesis, and the pedicles of L5 were rudimentary. A defect was seen in articulation 
on ‘he right but was not definitely demonstrated on the left. 
Operation. A laminectomy was done on Feb. 25, 1953. When the lamina and spine 
of '.5 were exposed, both were rudimentary and small; both could be moved freely 
independently. On dissecting free the ligaments between L5 and $1, the disc 
normal on both sides, as it was at the L4-L5 interspace. The spine and lamina, 
ither side of the midline, were cut free from the pedicles with sharp dissection. 
n the spine and lamina were removed on either side together with the facet of 
lamina which joined the 1st sacral segment, one could see that there had been 
sure downward and inward on the Ist sacral ganglia which lay just medial to 
sacral articular facets. Most of the pressure had obviously been on the Ist sacral 
s and ganglia; there had also been pressure on the 5th lumbar root as it went 
ind the pedicle at this level. 
(‘ourse. This man has had complete relief of his leg pain since operation. 


‘ase 7. Mrs. K.G., a 37-year-old white woman, was referred by her husband. 
When first seen on Feb. 21, 1953, her chief complaint was low back pain. On Feb. 
6, '953, while bending over a table to give inoculations to children, she said she 
ha! difficulty straightening up. She had pain in her lumbosacral region, but there 
was no radiation to her legs. There was a definite increase in pain on coughing. She 
had had considerable low back pain for several years, and on occasion it had re- 
sponded to osteopathic manipulation. At times she had had pain in her left hip. 

Examination. Ankle jerks were hyperactive and equal. Knee jerks were equal 
and active. There was no hypesthesia and no atrophy. There was no limitation of 
motion of the low back. There was some limitation of forward bending, but no 
limitation of straight leg raising. 

Roentgenograms of the lumbar spine showed a Ist degree spondylolisthesis with 
fibrous pedicles bilaterally. There was a failure of fusion of the neural arch of the 5th 
lumbar vertebra on the right side. The anterior articulating facet of the 4th lumbar 
vertebra on the right side was smaller and not as well developed as the one on the 
left. 

Myelography was done, using 9 cc. of pantopaque. Films were taken in antero- 
posterior, lateral, and both oblique projections, with the spine in flexion and exten- 
sion. This demonstrated the defect of the isthmus on both sides of the 5th lumbar 
region. 

Operation. The findings were similar to those described in the other patients. 

Course. Postoperative relief was immediate, and the patient has already returned 
to her work in public health nursing. 


DISCUSSION 


Follow-up on these patients is of too short a duration to be conclusive. 
However, in Case 1, a 69-year-old woman with a Grade III spondylolisthesis, 
there has been complete relief of pain and symptoms since the time of opera- 
tion more than 3 years ago. The same was true in Case 2, a 48-year-old man. 

Case 3, a 15-year-old boy, has had complete relief of symptoms since 
operation. His ankle jerks have returned to normal, and the hypesthesia 
noted before operation has completely disappeared. He is now up and about 
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with a cast, and I believe that with the spinal fusion he should have ce: m- 
plete and permanent relief. 

Case 4 is also worthy of note. This patient was first suspected of having 
a ruptured intervertebral disc; and when the myelogram was negative it 
was thought that the man was neurotic. He was explored with a preoperat ve 
diagnosis of possible ruptured intervertebral disc. During the operation, ‘he 
definite pre-spondylolisthesis was found. Subsequent re-examination of ‘he 
x-rays revealed a slight forward slipping of L5 on S1. He has had complcte 
relief of pain since the first postoperative day. 

It is not within the scope of this paper to enter the discussion as to the 
etiology of spondylolisthesis. There are two schools of thought, one regarding 
it as a congenital affair and the other as of developmental origin. The argu- 
ments for both views are good but do not necessarily concern us. 


SUMMARY 

Seven operations have been done on patients with varying degrees of 
spondylolisthesis, from a pre-spondylolisthesis with merely a fibrous isthmus 
to a 3rd and 4th degree spondylolisthesis. These patients have been com- 
pletely relieved of pain postoperatively. One of them has had a spinal fusion. 
In view of the rather striking relief of pain in these patients by removal of 
the 5th lumbar lamina, spine, inferior articulating facets, and complete de- 
compression of the L5 and $1 nerve roots, I feel that this procedure should be 
employed in patients suffering symptoms and signs caused by spondylolis- 
thesis. The orthopedic surgeon and neurosurgeon should determine the neces- 


sity for lumbosacral fusion. Fusion is not necessarily indicated in all patients. 
It is especially not indicated in older people or in patients with only a pre- 
spondylolisthesis. 
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the sympathetic and parasympathetic nervous systems.®’ In this re- 
spect its action is similar to the effect of nicotine. Hence, the stimu- 
la ing action of acetylcholine on ganglia has been termed “nicotinic.” 

Acetylcholine is also liberated at the end organ upon stimulation of the 
ps ‘asympathetic nervous system. The similarity between its action in that 

ation and the effect of muscarine has given rise to the term, “muscarinic.” 
Tiis is in contrast to the release of an epinephrine-like substance at the end 
organ upon stimulation of the sympathetic nervous system (Fig. 1). 

The administration of acetyl- 
choline produces responses which 
include hypotension, diaphoresis 
and imereased  gastro-intestinal 
motility. They are known as cho- mile . 
linergie responses. Atropine is a elas aaaiite 


CETYLCHOLINE is the mediator of preganglionic nerve impulses in both 


Autonomic Nervous SYSTEM 


Parasympathetic System 





cholinergic blocking agent which 
antagonizes the muscarinic action a 
of acetylcholine. a — 


Sympathetic System 
a 4 





(nicotinic) 


Cranio-cerebral injuries fre- 
quently produce signs that mimic 
cholinergic stimulation: hypoten- 
sion, diaphoresis and occasionally 
gastro-intestinal motility. Because 


Fic. 1, Acetylcholine is released at the ganglia 
of both the parasympathetic and sympathetic nerv- 
ous systems and at the end organ of the parasympa- 
thetic system. Its action at the ganglia is called nico- 
tinic, while its postganglionic action is called 


ice muscarinic. 
these phenomena are so similar to ™S8"me 


the muscarinic action of acetylcho- 

line, it has appeared logical to treat them with anti-muscarinic agents. 
Ward" has reported encouraging results in the treatment of cranio-cerebral 
injuries by the daily use of large amounts of atropine sulfate (0.1 mg. 
per kg.). 

Acetylcholine normally occurs intracellularly in the brains of mammals. 
Dikshit‘ demonstrated that extracts prepared from the brains of cats and 
rabbits have the same pharmacologic actions as acetylcholine. When ad- 
ministered intravenously, a decrease in blood pressure resulted and upon 
introduction into the ventricles of the brain, respirations were inhibited. The 
perfused frog heart was also depressed. He found that extracts made from 
the basal ganglia contained 0.4 gamma per cent of acetylcholine and the 
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cerebrum and cerebellum contained lesser amounts. Chute, Feldberg aid 
Smyth? perfused the cat’s head and found that 2 ce. solution of the perfused 
eserinized blood had the same acetylcholine content as 2 cc. solution of 
acetylcholine diluted 1-400 million. When the brain was removed and t ie 
perfusion repeated no acetylcholine was present. 

Acetylcholine is not a constituent of normal cerebrospinal fluid but 
Tower and McEachern" recovered varying quantities of acetylcholine in the 
cerebrospinal fluid of epileptics and patients who had sustained severe 
cranio-cerebral injuries. They noted that recovery was associated with a ce- 
crease in acetylcholine in the cerebrospinal fluid. Employing contraction of 
the frog’s rectus abdominis muscle for biological assay, Bornstein! measured 
2.7 to 10.0 gamma of acetylcholine in the cerebrospinal fluid of animals that 
had received concussive trauma to the head. When the same quantity of 
acetylcholine was introduced into the cisterna magna of animals, they be- 
came quiet and listless but no alterations in blood pressure were noted. Feld- 
berg and Schriever’ have taken exception to the view that acetylcholine 
could be recovered from the cerebrospinal fluid unless the animal had been 
eserinized to prevent the destruction of acetylcholine by cholinesterase. 
Their experiments indicate that eserine, and eserine in combination with 
adrenalin, administered intravenously, will produce acetylcholine in the 
cerebrospinal fluid. 

The instillation of acetylcholine into the nervous system has resulted in 

varying reports. Kremer’? stated that in man the lumbar intrathecal injec- 
tion of as much as 500 mg. of acetylcholine gave no response. Suh and his 
associates® injected acetylcholine into the cisterna magna and applied it 
directly to the floor of the 4th ventricle and reported an increase in blood 
pressure and augmentation of respiration. Dikshit® reported a slight inhibi- 
tion of respiration and occasional cardiac irregularity when small doses of 
acetylcholine (0.5 gamma) were introduced intraventricularly in cats. 
Silver and Morton” observed sharp falls in the blood pressure when 2.0 to 
4.0 gamma were introduced into the hypothalamic region of cats. Similar 
injections into the lateral ventricle occasionally produced the same blood- 
pressure effect together with drowsiness and nausea. Henderson and Wilson‘ 
observed sweating, nausea, vomiting, peristaltic rushes and altered con- 
sciousness in humans who had received 2.5 to 7.5 mg. of acetylcholine intra- 
ventricularly. 


METHOD 


In this study an attempt was made to determine if acetylcholine can be 
identified in the cerebrospinal fluid following a cranio-cerebral injury anc if 
parasympathetic responses to injury are successfully combated with an'i- 
muscarinic agents. 

Twenty-three dogs, weighing from 10 to 22 kg., were used as the expe i- 
mental animals. Anesthesia was obtained by intravenous Nembutal. 

Two methods of biological assay" were employed. The contraction of t 1e 
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eserinized leech muscle was used to determine the presence of acetylcholine 
in (he cerebrospinal fluid removed by cisternal aspiration. In two instances, 
qu: ntitative assays were done to measure the concentration of acetylcholine. 
Th: gastro-enterectomized cat’s blood pressure was also employed to deter- 
mie the presence of acetylcholine in cerebrospinal fluid aspirated from the 
cis erna magna of dogs. Continuous tracings from the carotid artery were 
rec orded. In one instance a quantitative assay was made. 

[rauma was inflicted by striking the vertex of the skull with a mallet 
or »v cortical incisions made through a small craniectomy and dural incision. 
At opine sulfate and banthine in varying dosages were employed to treat 
th traumatized animals. Atropine sulfate blocks the muscarinic action of 
ac tylcholine (Fig. 1). Banthine is an autonomic blocking agent that in- 
hil its the neural stimuli at the sites of the parasympathetic and sympathetic 
ga’ glia as well as the muscarinic effects.” 

EXPERIMENTAL DATA 

Biological assay employing the eserinized leech muscle to determine 
prc sence of acetylcholine was done upon the cerebrospinal fluid obtained by 
cis ernal puncture of 4 of the animals. A cisternal puncture was done prior 
to subjecting the brain to trauma. Assay of this fluid did not vield a con- 
traction of the leech muscle. Cranio-cerebral injuries were inflicted upon the 
animals and the fluid was again assayed. In 2 animals, samples taken at 20 
and 40 minutes following trauma vielded no contraction of the eserinized 
leech muscle. The contractions occurred, however, in fluid collected 1 hour 
after trauma. In the cerebrospinal fluid obtained from one of the animals, 
the contraction was equal to that resulting from 5.2 gamma of acetylcholine 
per 100 ce. In another the response was equal to that obtained in a solution 
containing 6 gamma acetylcholine per 100 ce. 

Biological assay using the fall in blood pressure of a cat was used in 7 of 
the dogs. As with the leech muscle, the cerebrospinal fluid aspirated from 
the cisterna magna prior to intracranial trauma failed to give an acetylcho- 
line response. However, the cerebrospinal fluid procured 1 hour following a 
cerebral insult was positive in 5 instances (Fig. 2). In 1 of the 2 who failed 
to show an acetylcholine response, the cerebrospinal fluid was grossly bloody. 
Cholinesterase which is normally present in blood may have inactivated 
any acetylcholine that appeared in the cerebrospinal fluid. The response 
obtained from one of the samples was equivalent to that resulting from a 
solution of 40 gamma acetylcholine per 100 cc. After the cat was atropinized, 
the fluid which had previously been capable of causing a drop in the cat’s 
blood pressure was unable to do so (Fig. 3). 

The instillation of 5 to 50 gamma of acetylcholine had no effect upon the 
blood pressure of the untraumatized, anesthetized dog, whether given into 
the cisterna magna, the lateral ventricle or brain substance. Four of the dogs 
had a marked drop in blood pressure when 10 mg. of acetylcholine were 
injected into the cisterna magna. Ordinarily, this was greater in an animal 
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Fig. 2. Assay of cerebrospinal fluid of dog for acetylcholine using the blood pressure of gastro- 
enterectomized cat. (A) Normal cerebrospinal fluid, 2 cc., given intravenously produced no response in 
blood pressure. (B) The same quantity of cerebrospinal fluid collected 1 hour after cranio-cerebral trauma 
produced a marked fall in blood pressure. 


who had also received cerebral trauma. The administration of 2 mg. of atro- 
pine sulfate hastened the return to a normal blood pressure and blocked the 
muscarinic action of subsequent administration of intrathecal acetylcholine. 
On several occasions, the same or larger quantities of acetylcholine injected 
intrathecally into an atropinized animal produced a rise in blood pressure 
(Fig. 4). 

In 1 dog, the administration of 10 mg. of acetylcholine into a lateral 
ventricle produced the typical parasympathetic blood pressure decline. A 
prompt recovery occurred when atropine sulfate (0.25 mg.) was given intra- 
venously. 

To determine the effect of injecting a substance not containing acetyl- 
choline into the brain, 1 cc. of normal saline was introduced into a cerebral 
hemisphere. This gave only a slight blood pressure response (Fig. 5A) and 
was in no way comparable to the marked drop in blood pressure that oc- 
curred when 1 cc. of a 1-100 solution of acetylcholine (10 mg.) was injected 
into a cerebral hemisphere (Fig. 5B). The recovery from intracerebral acetyl- 
choline was prompt when atropine sulfate (1.2 mg.) was given intravenously 
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Fig. 3. Assay of cerebrospinal fluid of dog for acetylcholine using the blood pressure of gas ro- 
enterectomized cat. All substances were given intravenously. (A) Normal cerebrospinal fluid, 1 cc., ‘iad 
no effect on the blood pressure. (B) 1 cc. cerebrospinal fluid collected 1 hour after cranio-cerebral trai ma 
caused drop in blood pressure. (C) 1 ce. solution of 1:2,500,000 acetylcholine caused a drop in blood p es- 
sure similar to B. (D) Atropine, 1 mg. (E) After atropinization, administration of 1 cc. of cerebrosp nal 
fluid obtained 1 hour after trauma gave no acetylcholine response. (F) Acetylcholine, 2 cc. of 1:10 100 
solution, produced a slight rise in blood pressure. 
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Fic. 4. Blood pressure tracing from carotid artery of dog to show effect of intrathecal administra- 
tio: of acetylcholine. (A) Acetylcholine, 10 mg., introduced into cisterna magna. (B) Atropine, 2 mg. ad- 
stered intravenously. (C) Acetylcholine, 10 mg., introduced into cisterna magna. 


‘\g. 5D). Thereafter, when the same quantity of acetylcholine was injected 
io the cerebrum, the response was similar to that seen when 1 cc. of normal 
aline was introduced (Fig. 5E). 

To study the effect of a cholinergic blocking agent which also acts at the 
ganglia of the autonomic nervous system, banthine was used alone and in 
combination with atropine. After obtaining the drop in blood pressure by 
intracisternal administration of acetylcholine, 50 mg. of banthine were in- 
jected intravenously. In 2 animals no beneficial effects were noted. However, 


in | animal banthine was given in combination with atropine (atropine 0.25 
mg. and banthine 10 mg.) and the combined agents brought a prompt re- 
covery in blood pressure and prevented the muscarinic action of acetylcho- 
line when 20 mg. were given intracisternally. Upon premedication with 
atropine (0.75 mg.) and banthine (30 mg.), the intrathecal injection of acetyl- 
choline (50 mg.) produced the nicotinic response, i.e., a rise in blood pressure. 

In an attempt to imitate the muscarinic effects of acetylcholine without 


Fig. 5. Blood pressure tracing from carotid artery of dog to show effect of intracerebral administra- 
tion of acetylcholine. (A) Normal saline, 1 cc., injected into cerebrum had very slight effect upon blood 
pressure. (B) Acetylcholine, 10 mg. (1 cc. of 1:100 concentration), given intracerebrally produced marked 
blood pressure drop. (C) Acetylcholine, 20 mg. (2 cc. of 1:100 concentration), given intracerebrally pro- 
duced greater blood pressure drop. (D) Atropine, 1.2 mg., given intravenously brought prompt rise in 
blood pressure. (E) Acetylcholine, 10 mg. (1 cc. of 1:100 concentration), given intracerebrally after 
atropinization produced very slight blood pressure drop. 
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Fic. 6. Blood pressure tracing from carotid artery of dog to show effect of cerebral trauma and 
response to systemic atropine medication. (A) Cerebral trauma. (B) Atropine, 0.12 mg., administered 
intravenously. (C) Atropine, 0.12 mg., administered intravenously. (D) Atropine, 0.12 mg., administered 
intravenously. 


c 


introducing acetylcholine, 3 additional animals received concussive trauma 
or cerebral incisions. In the presence of extensive trauma, cardiac irregulari- 
ties and decreases in blood pressure appeared. These disappeared promptly 
upon the administration of relatively small doses of atropine (0.36—0.5 mg.) 
as shown in Fig. 6. If, however, a considerable subdural hematoma appeared, 
the drop in blood pressure might be replaced by a hypertensive episode, 
probably the response to an increased intracranial pressure. The cardiac 
irregularities resulting from extensive cerebral trauma were lessened by sec- 
tion of the vagus nerves in the neck (Fig. 7B, C). In the same animal 10 mg. 
of acetylcholine given intracisternally caused no muscarinic effect. However, 
upon increasing the dosage five-fold, the muscarinic response again appeared 
and was subsequently blocked by atropine. 


DISCUSSION 


Many cranio-cerebral injuries produce the symptoms of shock for only 
a short time. Recovery may promptly result upon the institution of ade- 


Fic. 7. Blood pressure tracing from carotid artery of dog to show effect of vagotomy, intrath:cal 
acetylcholine and response to atropine. (A) Cerebral trauma produced low blood pressure. (B) Section of 
right vagus nerve in neck produced temporary rise in blood pressure. (C) Section of left vagus nerve 
in neck produced more prolonged rise in blood pressure. (D) Acetylcholine, 10 gm., introduced into «is- 
terna magna caused no drop in blood pressure. (E) Acetylcholine, 50 mg., introduced into cisterna ma /na 
caused drop in blood pressure. (F) Atropine, 0.6 mg., administered intravenously produced a prompt re- 
covery. (G) Acetylcholine, 50 mg., introduced into cisterna magna did not alter blood pressure after a’ ro- 
pinization. 
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quate nursing care and supportive measures. With the development of 
increased intracranial pressure as it occurs, for example, if there is an intra- 
cranial hematoma, the low blood pressure and rapid pulse are replaced by 
a gradual rise in systolic blood pressure, increase in pulse pressure and a 
decrease in cardiac rate. In those patients, treatment is directed toward the 
removal of the hematoma. 

However, many patients who have sustained cerebral insults continue in 
a siate of shock and management often consists of blood transfusions and 
druzs which stimulate the sympathetic nervous system. Such procedures 
ma. have only a transient effect. It appears logical to employ anti-mus- 
ar nie agents to combat the signs that simulate a profound parasympathetic 
dis: harge. 

SUMMARY 

\cetylcholine apparently is liberated from traumatized central nervous 
tiss ie and some of it diffuses into the cerebrospinal fluid where minute quan- 
titi-s can be measured. When relatively large quantities are introduced into 
the brain, ventricles or cerebrospinal fluid system, characteristic muscarinic 
responses of blood pressure are observed. The same responses are not noted 
when similar amounts of normal saline are injected. Cerebral trauma also 
produces cardiac irregularities and decreased blood pressure. Cholinergic 
blocking agents, particularly atropine sulfate, have a beneficial effect upon 
the parasympathetic responses that accompany cerebral trauma because 
they block the muscarinic responses of acetylcholine. 
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HE purpose of the present paper is to evaluate the neurosurgical treat- 

ment of metastatic tumors of the brain, illustrated by earlier reports 

from the literature and the material collected from the Neurosurgical 
Clinic of Serafimerlasarettet. 

Frequency of Metastatic Tumors of the Brain. According to Bailey,’ “sta- 
tistics indicate that metastases to the brain from malignant tumors will be 
found in about 0.5 per cent of necropsies. The percentage of primary neo- 
plasms of the brain is perhaps 1 per cent of all necropsies. This would in- 
dicate that of all intracranial neoplasms, both primary and secondary, 
metastases constitute perhaps 33 per cent. In neurosurgical statistics the 
percentage of metastatic tumors is only about 4 per cent since usually only 
those are sent to the surgeon in which the primary source has not been dis- 
covered.”’ His impression, however, was that both figures are incorrect. 

The frequency of metastasis to the brain, estimated from large general 
autopsy material, is found to be high, ranging from 13.5 to 37 per cent of the 
total number of intracranial tumors.*:*.*°-? On the other hand, in neuro- 
surgical material the same frequency is low, ranging from 3.5 to 7 per 
cent.>79 

Cushing’ stated, with regard to metastatic intracranial tumors: “Their 
relative scarcity in the series of brain tumours as a whole, viz., 4.2 per cent, 
by no means represents their true clinical incidence, for we refrain when 
possible from accepting patients with obvious intracranial metastases since 
so little can be done for them by surgical procedures.” 

The neurosurgical treatment of intracranial metastatic tumors is consid- 
ered by most authors to be a thankless task.?:*" Grant expressed the 
opinion that “surgery, whether radical or palliative, is of no ultimate benefit 
to these patients insofar as prolongation of life is concerned.” 

A more positive neurosurgical approach has been advocated by Oldberg” 
who wrote: “It may be possible to extirpate the metastasis, with great relief 
to the patient and with prolongation of his life expectancy.” This seems to 
be the fact at least concerning metastatic hypernephroma and [’® have re- 
ported 1 case in which the patient is still alive 17 years after the intracranial 
operation. 


* Director: Professor Herbert Olivecrona. 
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‘Whether or not to operate when the tumor is known to be of metastatic 
ori: in is frequently difficult to decide,” to quote Dandy.* In the following 
Is! all try to elucidate whether attempts to carry out radical neurosurgical 
tre: tment are justified in patients suffering from metastatic tumors of the 
bran. 

MATERIAL 


Juring the 30-year period from 1922 to 1951 a total of 4444 patients 
wit : verified brain tumors were admitted to the Neurosurgical Clinic of 
Ser fimerlasarettet. There were 156 cases (3.5 per cent) of metastatic intra- 
cra ial tumors. A few recent cases from 1952 have been included, thus mak- 
ing ‘he total of 158 cases reported here. 


AGE AND SEX INCIDENCE 


here is a slight preponderance of males in the youngest group below 20 
yeas and in the ages from 50 to 60. As a whole the sex incidence is about 
the same in each group. 

(he youngest patient was a boy of 17 years with a metastasis to the brain 
fron a seminoma. The oldest was a man aged 70 with a cerebellar metastasis 
frou a hypernephroma. In 70 per cent of the cases (114 patients) the age 
was between 40 and 60 years, the common cancer age. 


SITE OF PRIMARY GROWTH 


The pathological type of the metastasis and its primary source are im- 
portant factors in neurosurgery. The primary sites, listed in order of fre- 
quency of appearance, are given in Table 1. 

Hypernephroma metastases were the most common (20 per cent). 
Metastases from bronchial carcinoma occurred in 16 per cent and mammary 
carcinoma in only 7 per cent. These figures, however, are too low, as in about 
one third (51) of the total number of cases it was impossible to trace the 
primary growth because most of these patients died at home without 
autopsy. 

According to earlier reports, bronchial carcinoma is the most frequent 
intracranial metastatic type encountered. The following figures have been 
given: 22 per cent (Elvidge!'), 25 per cent (Gutting"), 29 per cent (Hanne- 
mann!’), 30 per cent (Christensen®), 35 per cent (Meagher and Eisenhardt”), 
and 38 per cent (Brunner‘*). 

Mammary carcinoma also dominates as a source of intracranial meta- 
static tumors, according to Christensen,’ Elvidge" (16 per cent), Hanne- 
mann’? (17 per cent), Brunner,‘ Meagher and Eisenhardt™ (25 per cent), 
and Gutting" (26 per cent). 

ITypernephroma as the primary growth is considered rarer; the frequency 
reported by Elvidge" was 3.3 per cent; Hannemann’ found 4 per cent, 
Cushing’ 5.5 per cent, Christensen,® Grant,!‘ Gutting" about 8 per cent, and 
Davis® 10 per cent. The corresponding figure in my material is much higher, 
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TABLE 1 


Primary sites of growth in 158 cases of metastatic tumors of the brain 


Cases 





Total Linea Primary Location and Pathological Type 
ota : 

saps Per Cent 

Number 








32 20.2 Kidney and suprarenals Hypernephroma: 30 
Adenoca.: 1 
Undiff. ca.: 1 


Lung, bronchi, mediastinum Squamous epithel. ca.: 
Adenoca.: 8 
Undiff. ca.: 12 
Sarcoma: 2 
Melanosarcoma: 1 


Skin Melanosarcoma: 11 
Melanocarcinoma: 1 


Breast Adenoca.: 8 
Undiff. ca.: 3 


Gastro-intestinal tract 

a) esophagus Squamous epithel. ca.: 1 
Adenoca.: 2 

b) ventricle Adenoca.: 3 
Undiff. ca.: 1 
Melanosarcoma: 1 

c) colon Adenoca.: 4 

d) rectum Adenoca.: 


2 
e) pancreas Adenoca.: 1 


Thyroid Adenoma.: 1 
Adenoca.: 1 


Uterus Corpusca.: 1 
Cervix ca.: 1 


Testis Seminoma: 2 
Teratocarcinoma: 1 


Ovary Solid carcinoma: 2 
Skeleton Osteoid sarcoma: 1 


Nasopharynx Squamous epithel. ca.: 1 
Undiff. ca.: 1 


Doubtful source 

a) carcinoma Undiff. ca.: 
Adenoca.: 

b) sarcoma 
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a- in 20 per cent of all metastatic cerebral lesions the primary growth was a 
pernephroma. 
The malignant melanomas, though they have a great tendency to produce 
tastases, seem to occur rather infrequently as brain metastases. Christen- 
reported the frequency as 5 per cent, and in my material it was about 
ver cent. 


CASE REPORTS 
To illustrate variations in the course of different metastases to the brain 
ne exemplifying cases will be described. 
Case 1. No. 928/45. G.W., a 50-year-old man, had suffered from tiredness and 
dache for about 3 months, and, more recently, from left-sided hemiparesis and 
nianopsia to the left. 


On examination he showed severe mental confusion and had marked papilledema 
5 to 6 D. Carotid angiography indicated a malignant tumor with pathological 


Fic. 1. Case 1. Section of brain showing multiple metastatic tumors from a pancreatic adenocarcinoma. 


vessels, localized to the right temporal region. The patient was in too poor a condi- 
tion for operation and died a few days after admission. 

Autopsy. There were multiple metastases in the brain from an adenocarcinoma 
of the pancreas. There were also multiple body metastases (Fig. 1). 


Comment. In a case like this all neurosurgical intervention is hopeless. 


Case 2. No. 1302/33. F.L., a 51-year-old schoolmaster, had been operated upon 
for a malignant tumor of the right testis 1 year 8 months prior to his entry. His 
present illness was of 1} months’ duration with headache, mental confusion, aphasia 
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and right-sided hemiparesis. He was nearly unconscious on admission and was no 
operated upon. 

Autopsy. There were no signs of local metastatic lesions in the genito-urinar: 
tract, but in the left lung there was a metastasis, the size of a walnut. Section o 
the brain showed a big central metastatic carcinoma, the size of a goose’s eg; 


(Fig. 2). 


Fig. 2. Case 2. Section of brain showing a big central metastasis from a seminoma. 


Comment. The absence of local recurrence shows that the metastasis to 
the lung and brain must have taken place before the ablatio testis, i.e. more 
than 1 year, 8 months earlier. The central localization in the brain and the 
large size of the tumor would have made neurosurgical treatment of no 
value. 


Case 3. No. 329/44. S. E., a 44-year-old captain, was operated upon for « 
malignant tumor of the left testis 2 years prior to entry. His present illness started 
suddenly 1 month before admission with Jacksonian fits of sensory type localized t: 
the left arm; then epileptic seizures and a left-sided hemiparesis developed. Ther: 
was no choking of the discs. Carotid angiography showed a right-sided parieta 
tumor. 

At operation the tumor was removed. It was the size of an orange and wa 
sharply separated from the surrounding brain tissue. Microscopically it proved t 
be a metastasis from a teratocarcinoma. 

The patient made a prompt recovery and the hemiparesis subsided. Tw 
months postoperatively headache and left-sided hemiparesis again develope: 
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Roentgenogram of the chest revealed metastatic lesions and further neurosurgical 
intervention seemed inadvisable. 

{utopsy. There were multiple metastases to the liver, lungs, and vertebral col- 
unin, and the brain tumor was a very large single metastasis (Fig. 3). 


Fic. 3. Case 3. (A) Section of brain showing large cystic metastatic tumor from a teratocarcinoma of the 
testis. (B) Photomicrograph of the metastatic tumor. Hematoxylin-eosin stain, X 130. 


Case 4. No. 61/37. H.J., a 51-year-old woman, had had mental confusion, head- 
ache, astereognosis and right-sided hemiparesis for 6 months. 

There were choked dises of 3 D. Ventriculography pointed to a tumor in the pos- 
terior part of the left temporal lobe. Clinically it was considered to be a malignant 
glioma and X-ray treatment was instituted instead of neurosurgical intervention. 
The patient gradually wasted and died 1 month after admission. 

Autopsy. There was a bronchial carcinoma of the right inferior pulmonary lobe 
with metastases to the regional lymph glands and to the kidneys. Section of the 
brain showed a single tumor, the size of half a walnut, in the left parietal region near 
the cortex. The most striking feature was the marked edema of the brain with dis- 
location of the ventricular system (Fig. 4). 


Comment. Case 4 illustrates the rather common finding of brain edema 
caused by metastases, as mentioned by Bailey,? Davis,® Globus and Selin- 
sky, and others. 

This series of metastatic tumors contains many unusual findings. In 1951 
I’* reported a case of metastatic hypernephroma in a meningioma. In the 
following 2 cases the metastases to the brain were from melanosarcomas with 
very rare sites of growth: 1 was in the lung, and 1 was in the stomach. 


Case 5. No. 123/44. J.J., a 49-year-old woman, had a 2 months’ history of 
disturbance of balance, headache and mental confusion. 

She was comatose and had left-sided hemiparesis and choked discs of 3 to 4 D. 
Ventriculography disclosed a right-sided parasagittal lesion. 

At operation, a tumor about the size of a walnut and dark, blue-black in color, 
was enucleated (Fig. 5). Microscopically it was a malignant melanoma. 
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Fic. 4. Case 4. Section of brain showing a parietal metastatic tumor (arrow) from a bronchial 
carcinoma. In spite of the small size of the metastasis there was marked edema with dislocation of ven- 
tricular system. 


At first the patient made a rapid recovery, but very soon became mentally de- 
teriorated and was transferred to a mental hospital where she died 33 months after 
the brain operation. 

Autopsy. A careful examination of the skin, scalp, anus and vulva revealed no 
signs of cutaneous malignant naevi. In the right inferior pulmonary lobe was found 
an encapsulated tumor, hardly the size of a hazelnut. The color was red-brown to 
red-blue. All other parts of both lungs were free from any tumors, and the medias- 
tinal lymph glands showed no signs of metastases. There were no signs of metastases 
elsewhere in the body. Section of the brain disclosed small multiple metastases (one 
of these, in the left parietal lobe, was the size of a pea, and another, in the right 
parietal lobe, was dark colored and the size of a hazelnut). There was also a recent 
encephalomalacia in the left hemisphere, probably the immediate cause of death. 

The pathologist (Dr. Ake Lindgren) is of 
the opinion that the melanosarcoma of the 
lung must, in this case, be considered as the 
primary growth. 


Case 6. No. 800/43. J.G., a 52-year-old 
farmer, complained of headache and failing 
vision for 5 months prior to admission. 

On examination he showed mental con- 
fusion, and had a left-sided hemipares's. 
There was markedly reduced vision in | 1¢ 

Fig. 5. Case 5. Metastatic melanoma re- right 4 a (0.1) and amaurosis in the le't. 
moved from parietal lobe. The primary growth Carotid angiography revealed a large tun or 
was situated in the right lung. in the right temporal lobe. 





pee” | femee | pani | peeiie | peeitin | pam | | ne, 


was 
tum 


‘ial 
en- 


METASTATIC TUMORS OF THE BRAIN 91 


Operation disclosed a cystic tumor, the size of a goose’s egg, containing a black- 
wn mass. The temporal lobe with the tumor was partially removed (Fig. 6A) 
radical extirpation was impossible since the tumor grew centrally, infiltrating 
basal ganglia (Fig. 6B). The patient succumbed 5 days postoperatively. 
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Fig. 6. Case 6. (A) Metastatic melanoma removed from right temporal lobe. Site of primary growth 
was the stomach. (B) Section of brain showing central invasion of metastasis. (C) Photomicrograph of 
tumor. Hematoxylin-eosin stain, X360. 


Autopsy. There were no cutaneous tumors. In the stomach, on the greater cur- 
vature, near the cardia, there was a large malignant melanoma, almost the size of 
the vola manus. It had infiltrated the submucosa, but had not penetrated the entire 
ventricular wall. In the mesentery, in the kidneys and suprarenals, and in the endo- 
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cardium and myocardium were found multiple metastatic lesions, but not in 
lungs. Section of the brain showed the central remaining part of the tumor opera’ » 
upon (Fig. 6B). The pathologist (Dr. Ringertz) is of the opinion that the large tun or 
of the stomach is the primary one. 


Case 7. No. 873/42. M.G., a 47-year-old woman, was admitted with a 6 mont 
history of headache, nausea and vomiting. About 1 year and 3 months before 
onset of intracranial symptoms she had been operated upon for a carcinoma of 
left breast. 

Examination revealed bilateral choked discs and exaggerated muscle refle\e: 
with ankle clonus on both sides. A few days after entry the patient suddenly dic 
without operative intervention. 

Autopsy showed a metastasis to the left lung, but no signs of local metastatic 
lesions in the breast-scar, or elsewhere in the body. Section of the brain showed a 
single adenocarcinoma metastasis, the size of a hazelnut, in the left cerebellar hemi- 
sphere. There was a large hemorrhage around the metastatic tumor and this bleeding 
with rise of intracranial pressure apparently was the cause of the sudden death 
(Fig. 7). 


Fic. 7. Case 7. Single cerebellar metastatic lesion from a mammary carcinoma. Spontaneous bleeding in 
the metastatic tumor provoked rise of intracranial pressure and sudden death. 


PATHOLOGY 


To evaluate neurosurgical treatment for brain metastases, the pathio- 
logical features characteristic of these tumors must be investigated. 


FREQUENCY OF METASTASIS TO THE BRAIN 


It is difficult to obtain exact figures on how often different types of tum or 
produce metastases in the brain. 
It is usually stated that sarcomas metastasize to the brain more ofi cn 





ng in 


METASTATIC TUMORS OF THE BRAIN 93 


an carcinomas; according to Rau” 68 per cent of all sarcomas, but only 3.2 
»-rcent of the carcinomas metastasized to the intracranial cavity. Krasting”® 
‘und the figures to be 12 per cent for sarcomas and 5 per cent for carcinomas. 

Malignant melanomas frequently metastasize to the brain (about 50 per 
nt of them?) and they are thus often met with in neurosurgical material 
1 about 8 per cent of our own material), even if malignant naevi are rare 
a large general autopsy material. 

The frequency of metastasis is said to be high for carcinoma of the lung: 
cording to Bailey? 30 per cent, Gutting’ 21 per cent and Hannemann” 
out 12 per cent. 

Mammary carcinoma is said to metastasize to the brain in 5 to 6 per cent 
sailey,? Gutting"), though Lenz and Freid*! found brain metastases in 15 

) or cent of the primary growths. 
The frequency of metastasis of hypernephroma to the brain was found by 
I‘annemann” to be 8 per cent, by Gutting’® 10 per cent and by Brunner‘ 


|} per cent. 


MODE OF METASTASIS TO THE BRAIN 

There are several methods of metastasis to the intracranial cavity. 

(A) The most common is generally accepted to be via the blood stream, 
as there are no lymphatics in the central nervous system. This first type is, 
according to Grant, “the single or diffusely scattered discrete nodular 
lesion more frequently subcortical and apparently only involving the surface 
of the brain by increase in size and extension of growth. It is evident that 
these metastases must be blood-borne and embolic in origin from the primary 
growth.” 

(B) Another much rarer mode of metastasis is via the subarachnoid 
space in the thoracic or lumbar region and by the spinal fluid to the brain 
(carcinomatosis or sarcomatosis of the meninges.''*:!® In these cases we 
usually find a carpet-like infiltration spread over the bottom of the middle 
and posterior cranial fossae, involving the cranial nerves, but the brain tis- 
sue itself may be totally free from cancer elements. In my material this con- 
dition was found in only 7 cases. 

(C) Batson*® proposed that metastases may reach the brain by way of 
the vertebral vein complex; Bailey? considered this theory to be illogical. 
Recent studies by Anderson,! however, are considered further supportive 
evidence of possible routes for spread of metastases via the vertebral venous 
system from distant primary foci to the cerebrum. 

(D) Direct spread from adjacent malignant lesions, e.g. from tumors of 
nasopharynx, may involve the brain.*° In the present material there were 2 
cases in which carcinoma spread from the nasopharynx, with hemianopsia 
and cerebral symptoms. 


INTRACRANIAL LOCALIZATION OF METASTASES 


Metastatic intracranial tumors may involve the skull, or the external 
or internal surface of the dura mater, may lodge in the dural sinuses, may 
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spread more or less diffusely through the subarachnoid system, or may | 
localized in the substance of the brain. Metastases to the brain are found 

lodge predominantly in the cerebrum since the most direct arterial route 

the intracranial space is by way of the internal carotids.6 The amount 

blood passing through the cerebrum is relatively greater than that throu; 
the cerebellum." 

In my material this opinion is well confirmed, as supratentorial meta 
tases were found in 78 per cent of the lesions. Christensen,® too, report: 
that about 80 per cent of the metastases were supratentorial. She found th: 
they; were distributed evenly in all regions of the brain, affecting mostly the 
cortex. 

With regard to a specific tendency to localization in the brain, Courville' 
pointed to the parieto-occipital region, probably the result of lodgement of 
the original embolus of tumor cells in the terminal branches of the middle 
cerebral artery. He observed that half of the tumors clinically diagnosed as 
occipital proved to be metastatic. The dominance of the occipital lobe was 
also pointed out by Brunner.’ 

This is contrary to the findings in my material, in which the majority of 
the metastatic lesions (70 per cent) were situated in the frontal, temporal 
and parietal lobes. Only about 5 per cent were occipital. 

According to McLean,” metastases occur most often to the left cerebral 
hemisphere; Brunner reported 65 per cent and Krasting”® 58 per cent. In 
my material the incidence was about equal in both hemispheres, with a 
slight preponderance to the right hemisphere. 


CLINICAL FEATURES 

The symptoms of metastatic cerebral tumors do not differ essentially 
from those of primary cerebral tumors, but Bailey? mentioned “‘as more or 
less characteristic simply the intensity of the headache and of the mental 
confusion, which are out of proportion to the intracranial tension.”” Globus 
and Selinsky!; pointed out that the onset of cerebral manifestations is acute 
and often pre ‘pitate. 

I should like to call attention to some initial and early dominating symp- 
toms in my material (Table 2). 

As will be seen, headache was the most common first symptom, found in 
44 per cent of all cases. 

The next most frequent initial symptom was Jacksonian epileptic fils, 
found in about 18 per cent of the cases (of motor type in 21, and of sensory 
type in 7). In 2 cases of metastatic hypernephroma the patients had had a 
history of Jacksonian fits for 4-5 years before intracranial operatio:. 
Foerster” described a similar case of 8 years’ illness with Jacksonian fit 
Jacksonian fits also dominated as an early symptom in 17 other cases, th 
having occurred in nearly 30 per cent. The sudden onset of Jacksonian fi 
may very well be explained by a metastatic embolus in the frontopariet :! 
region (this was the localization in half of all cases). 
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TABLE 2 


Incidence of initial symptoms in 158 cases 


First Early 
Symptom Symptom 
% 


3. 44.6 
2. Jacksonian epilepsy : 10. 
3. Hemiparesis sf 26.6 
4. Mental confusion 6 29. 
. Vertigo 6 16. 
}. Failing vision §. 22. 
(of a high degree) 
. Aphasia 
. Epilepsy 
(not Jacksonian) 
. Vomiting 0.6 


Hemiparesis was also an important symptom (8.2 per cent). .Wental con- 
fi sion was the initial symptom in 7.6 per cent, but occurred as an early 
s\mptom in 29 per cent—a total of 36 per cent. Aphasia was the initial 
s\ mptom in 5 per cent. Remarkable also is the markedly impaired vision as 

sarly symptom (27 per cent). In several cases the patient became amau- 
rotie (see below concerning choked discs). 


NEUROLOGICAL EXAMINATION AND DIAGNOSTIC CRITERIA 

Choked discs were characteristic findings of high frequency. In only 18 
per cent of the cases were the eyegrounds normal. Moderate papillary stasis 
was found in 28 per cent and highly choked dises, 4—5 diopters and more, 
with severe eveground damage, edema and perivascular hemorrhage, oc- 
curred in about half of the cases (48 per cent). That even a small tumor may 
give rise to brain edema and highly increased intracranial pressure was often 
found; a typical autopsy finding is shown in Fig. 4 (Case 4). 

The cerebrospinal fluid showed changes in 10 cases only; in 5 there was a 
pathologic increase in albumin; in 3 a pleocytosis, and in 2 a positive col- 
loidal curve. These changes were found in the cases of diffuse carcinomatosis 
of the meninges and melanosarcoma. In the other cases the fluid was quite 
normal. 

The sedimentation rate (SR) in my material (132 cases examined) was as 
follows, calculated in mm. in 1 hour: 

Sedimentation Rate (mm./1 hr.) 


10 10-19 20-29 30-39 40-49 50-59 60-79 80-99 > 100 


in per cent of cases 29 29 10 9 9 5 6 2.3 0.7 
A considerably increased sedimentation rate is sometimes a sign of malig- 

naney, and may be an aid in diagnosis and prognosis. In about 40 per cent of 

the cases examined the SR was more than 20 mm./hour. In patients with 
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lung carcinoma the SR was rather high—above 30 mm./hour in 12 out of 
23 cases. The patients with markedly increased sedimentation rate (14 pcr 
cent above 50 mm. in 1 hour) and especially those with extremely high Sit 
up to above 80 (4 cases) all had multiple metastases; the highest value w:is 
120 mm./hour in a case of metastatic sarcoma. 

On the other hand, it is remarkable that many patients with maligna)t 
metastatic lesions of the brain have a normal sedimentation rate, below 10 
mm. in 1 hour. In the present series nearly 30 per cent had a normal SR. 

It is difficult to draw any definite conclusions regarding the relationship 
of sedimentation rate to the type and extent of metastases. A markedly 
increased sedimentation rate is suggestive of malignancy, but a low sedi- 
mentation rate does not rule against it. In 2 cases in which there were both 
lung and brain metastases the SR was only 4 mm./hour. 


X-RAY EXAMINATION OF THE LUNGS 

This was performed in 74 cases. In 29 of these there were positive find- 
ings: in 13 carcinoma of the lung, and in 16 metastases to the lungs. Thus in 
nearly 40 per cent of the cases examined the pulmonary roentgenograms 
were suggestive of malignancy. 

Bailey’ is of the opinion that any patient in middle age or older with 
sudden development of a psychosis or focal cerebral symptoms, not obviously 
luetic or vascular in origin, should have a roentgenogram made of his lungs. 
Davis® also emphasized the importance of roentgenograms of the lungs. 

The diagnosis of primary or metastatic pulmonary lesions may be of 


great value in many cases, and save much futile operating, according to 
Bailey.2 However, I want to point out that patients may live free from 
symptoms for a rather long period with pulmonary metastases. One of my 
patients with pulmonary and brain metastases from a hypernephroma sur- 
vived 10 months after the findings were observed in the roentgenogram, 
and the following patient survived for more than 3 years. 


Case 8. No. 793/44. N.K., a 51-year-old captain, who about 4 years previously 
had been operated upon for a thyroid adenoma, had bitemporal hemianopsia. 
Roentgenograms showed destruction of the sella, and pneumoencephalography dis- 
closed a suprasellar tumor. 

Operation revealed a capsulated tumor from the pituitary region expanding for- 
ward between the optic nerves. The tumor was partially removed intracapsularly 
by suction. On microscopic examination it was found to be an adenomatous tumor 
of thyroid origin (Fig. 8 A, B). X-ray of the lungs showed a metastasis on the righ! 
side. The sedimentation rate was 4 mm./hour. 

The postoperative course was uneventful, and the patient lived for more than 
3 years after the roentgenologic diagnosis of pulmonary metastasis. 


These 2 cases illustrate the value of radical neurosurgery even when ther 
are pulmonary metastases, especially if the metastases are of a more benig) 
type, such as from hypernephroma or thyroid adenoma. 
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Fic. 8. Case 8. Photomicrographs of (A) metastasis from thyroid to pituitary region, and (B) primary 
thyroid growth removed 4 years before the brain operation. Hematoxylin-eosin stain, X 180. 


DIAGNOSIS OF INTRACRANIAL TUMORS BY ROENTGENOLOGY 


In 32 cases (about 20 per cent) roentgenograms of the cranium showed 
pathologic changes such as signs of increased intracranial pressure by de- 
struction of the sella or a shift of a calcified pineal body. The localization of 
the intracranial tumor was made by means of carotid angiography in 45 of 
the cases and by encephalography or ventriculography in the remaining 
Cases. 


NEUROSURGICAL TREATMENT AND OPERATIVE FINDINGS 


Of our 158 patients with intracranial metastasis, 125 were operated upon. 

With regard to neurosurgery of brain metastasis several factors must be 
taken into account. (1) The size of the tumor, but as has already been 
pointed out even a small tumor may cause tremendous edema (Fig. 4); (2) 
the type of tumor, whether it is solitary or multiple; (3) and more important, 
is the growth of the tumor, whether it is infiltrating into the surrounding 
brain tissue or whether it is separate and encapsulated, and thus easily 
enucleable. 
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The size of intracranial metastatic tumors was found to be as follows: 


Size of Tumor 


Less 
than a 
Hazelnut 


“Carp 
like’ 


Hazel- Walnut Hen’s Goose’s 


nut Egg Egg none 


In per cent of the 6 14 31 26 11 
lesions 


More than half of the metastatic lesions varied in size from a walnut io 
a hen’s egg; however about 20 per cent were only the size of a hazelnut or 
less. This is interesting to note and might be of importance with regard to 
the operability. 


SINGLE OR MULTIPLE BRAIN METASTASES 


Cushing’ stated, “Ordinarily metastases to the brain are multiple. . . 
Nevertheless one may occasionally encounter what appear to be solitary tu- 
mours sometimes of comparatively large size.” 

(A) In the present material, at intracranial operation 94 tumors were 
found to be easily enucleable. They were frequently situated just below the 
surface of the brain and were removed often with the finger, without much 
bleeding (Fig. 9). These metastatic lesions seemed macroscopically to be 


A 


Fia. 9. Operation for brain metastasis from an adenocarcinoma. (A) Tumor is on cortical surface, sharply 
demarcated from surrounding brain tissue. (B) Enucleation of tumor. 


separate from the brain tissue, an observation which was often verified at 
autopsy, with no microscopic evidence of cancer elements at the site of 
operation. In only 22 cases was the surgically exposed tumor of a more in- 
filtrating type; these included 7 cases of carcinomatosis or sarcomatosis of 
the meninges. 

With regard to the multiplicity of metastases to the brain it is difficult {9 
judge from the operative findings; but by means of modern X-ray examin:'- 
tion, angiography and pneumoencephalography, correlated with the clinic: | 
picture and neurological findings, there is a high degree of accuracy }) 
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‘alizing the metastases. At the time of brain operation the tumor seemed 

be solitary in 67 cases; and multiplicity was found in 15 cases (not in- 
\iding the 7 cases of carcinomatosis of the meninges). In the remaining 
ses it was difficult to judge. 

(B) Postmortem examination. A total necropsy was performed in 105 
ses and a brain section was made in 112 cases. The remainder were not 
imined, as many of the patients died at home. The frequency of a single 
‘tastasis to the brain was revealed to be less than half of that found at 
1e of brain operation; thus in 39 of the necropsies a single metastatic lesion 
the brain was found. Only in 20 autopsies were there no signs of metas- 
es elsewhere in the body. Thus the majority (about two thirds) of the 
tients showed a multiplicity of metastases, but with regard to the metas- 

. ses of the brain more than one third were single ones. Krasting’s”® autopsy 
i dings were more favorable, as the brain metastasis was a solitary one in 
0 thirds of the cases. 


OPERATIVE MORTALITY 

Of the 158 patients reported, 125 were operated upon, with 31 fatalities 
within 20 days of operation, making a 24.8 per cent operative mortality. 

This rather high operative mortality in spite of neurosurgical procedures 
that were often easy, must be viewed in relation to the fact that many of the 
patients were in a poor condition on admission to the clinic. In earlier re- 
ports the operative mortality in cases of brain metastasis also seems to be 
rather high; Eisenhardt! found 20.9 per cent and Cushing‘ 22.5 per cent. 

With regard to the 33 patients not operated upon there were various 
reasons for deciding against neurosurgical intervention. The patient was 
either in too poor a condition, or the diagnosis of a metastatic lesion was 
suspected in view of a history of previous removal of a malignant tumor. 
Also, in some of these cases the roentgenograms of the lungs showed signs of 
pulmonary metastases. On admission these 33 patients were perhaps in a 
poorer physical condition than the 125 patients on whom intracranial opera- 
tion was performed. 

It is permissible, however, to compare these two different groups with 
regard to the survival periods after onset of intracranial symptoms (Table 3). 


LATENT PERIOD OF BRAIN METASTASIS 


In some cases a long interval had elapsed between removal of the primary 
body growth and the onset of cerebral symptoms. In Gutmann’s” case the 
brain showed metastases 18 years after an operation for ovarian tumor. 

In my material there are 24 cases (about } of the brain operations) in 
which the primary body growth had been removed before the brain operation 
for a metastatic tumor. The long latency to onset of intracranial symptoms 
is remarkable—in 13 cases more than 3 years, and in 21 cases 1 year or 
more. 


Christensen® reported the case of a man who 9 years earlier had had a 
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phrectomy performed for hypernephroma. He was operated upon for an 
tracranial tumor, which microscopically proved to be a metastatic hyper- 
phroma. Three years after the brain operation the patient was still alive 
d back at full time work. The survival period after removal of the primary 
dy growth was thus more than 12 years. 
The metastasis of malignant melanoma often makes its first appearance 
ig after the original growth has been removed. In 3 cases the latent period 
s 8, 4 and 4 years respectively. In 2 other cases of malignant melanoma, 
which the cerebral metastatic lesion was not operated upon, the period 
m extirpation of the malignant naevus to onset of intracranial symptoms 
s 6 and 5 years respectively. 
With regard to metastasis to the brain from mammary carcinoma, there 
iv also be a long latency (10 vears in 1 case). Meagher and Eisenhardt” 
«ported a case in which the onset of intracranial signs occurred 12 years 
er a primary lesion in the breast had been removed. 
In 3 of my cases in which the secondary cerebral tumor was not extir- 
ited the latent period was 5 years in 1 case and about 1} years in the other 
In another female, aged 39 vears, with mammary carcinoma, the latency 
is only 1 year and 4 months. The metastatic lesions in this case were mul- 
iple, some involving the cerebellar hemisphere, a site that will give rise to 
arlier onset of clinical symptoms from increased intracranial pressure. 
The following case shows a long latent period of metastasis from a sar- 
0a. 


Case 9. No. 559/37. A.P., a 23-vear-old female, about 10 years prior to admission 
was operated upon for a giant cell sarcoma, the size of an orange, situated in the 
right gluteal region. Three vears later there was a local recurrence with pararectal 
extension; the tumor was extirpated with rectal amputation and formation of a pret- 
ernatural anus. Subsequently she was symptom free for about 7 years. Then head- 
ache, vomiting and disturbed vision occurred. 

Examination 3 months after onset of intracranial symptoms revealed choked 
discs of 4 D with peripapillary hemorrhages and exudate. Ventriculography showed 
signs of multiple brain tumors. 

At operation a tumor, the size of a walnut, was easily enucleated from the right 
temporal lobe. 

The patient gradually wasted and died 12 days after intracranial operation. 

Autopsy showed another large tumor in the left temporal lobe (Fig. 10 A) and 
there were several metastases in the body. Histological diagnosis: metastatic sar- 
coma of the brain (Fig. 10B). 

In a case of colon carcinoma there was a latency of 43 years after removal 
of the primary growth. At the time of the primary operation there were 
metastases to the regional lymph glands of the mesocolon. The cerebral 
metastatic lesion was situated in the right frontal lobe; at operation it was 
the size of a hen’s egg and weighed 35 grams. The long latent period in this 
case might be attributable to the fact that the metastatic tumor was situated 
in the frontal lobe, which is a comparatively silent zone. 
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Fig. 10. Case 9. (A) Coronal section of brain showing a metastatic lesion from a sarcoma removed 
10 years previously from the right hip. (B) Photomicrograph of metastatic tumor. Weigert-van Gieson 
stain, X 280. 


Comment. Those cases in which the primary body tumor had been pre- 
viously removed and there were no signs of local recurrence are of both 
theoretical and practical interest with regard to the long latent period before 
onset of intracranial symptoms. The metastasis to the brain, which must 
have taken place before the primary growth was operatively removed, ap- 


parently remained dormant for several years. 

If the interval between metastasis and production of cerebral symptoms 
may be so long (up to 10 years or more), some of these tumors might have a 
fairly good prognosis. Moreover, if they are single, neurosurgical inter- 
vention might result in a cure (1 of our patients with hypernephroma is still 
alive 17 vears postoperatively’’). 

According to Cushing,’ in cases with a long latency to onset of cerebral 
symptoms, we may question if the symptoms are caused by a primary brain 
tumor and not by a metastatic lesion. Meagher and Eisenhardt,* and 
Oldberg” described cases in which a primary body growth had been removed, 
and in which at intracranial operation the suspected brain metastasis proved 
to be a meningioma. 


SURVIVAL PERIODS 


The common point of view with regard to the neurosurgical treatment of 
brain metastases seems to be a pessimistic one. The postoperative survival 
was found to be a few months only by Grant," Meagher and Eisenhard! .” 
Dandy,* Bailey,’ and Elvidge and Baldwin." 

Davis® stated, “Though one may quite frequently afford relief from 
severe headaches by operation to patients with metastatic tumors, the sir- 
vival period in our group has averaged less than two months following ope! 2- 
tion.” 
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Meagher and Eisenhardt™ concluded, with regard to intracranial metas- 
teses from the breast, “The course from the appearance of intracranial 
s) mptoms is rapid, fatality ensuing on an average of six months, and opera- 
tive interference is survived on an average of six weeks, the longest period 
b ing five months.” 

Single cases of brain metastasis with unexpectedly long postoperative 
s:rvival periods have been published. Cushing’ reported a postoperative 
s) rvival of 6, 3 and 2 years respectively. Oldberg” found a survival period 
o 3 and 2 years after removal of intracranial metastasis from lung and 
b east carcinomas respectively. Christensen’ reported a patient with meta- 
s atic hypernephroma of the brain who was working full time 3 years post- 
operatively. 

To evaluate neurosurgical treatment of brain metastasis in our own 
naterial, the following studies have been made. 

(a) The survival periods after onset of intracranial symptoms have been 
c mpared in different groups, with and without neurosurgical interference 
(\‘igs. 11 and 12). 
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Fic. 11. Incidence of survivors at varying periods after onset of intracranial symptoms in 158 
cases of intracranial metastatic tumors. 


(b) The survival periods following brain operation have been measured 
(Fig. 13), with special reference to the postoperative condition and capacity 
for work. 

In Table 3 the survival periods after onset of intracranial symptoms are 
given for 158 cases of brain metastases. 
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Fig. 12. Incidence of survivors: 125 patients neurosurgically treated are compared with 33 
untreated ones (correlated in per cent). 
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Fig. 13. Incidence of survivors after intracranial operation among 125 cases of neurosurgically 
treated brain metastasis. 
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The survival period is a measure of the degree of malignancy of variou 
tumors. Thus in the group of hypernephromas the survival period is longe 
than that of the other types of tumor. The average survival period for a 
158 cases is 15.4 months, for hypernephromas 26.4 months, and for bronchi: 
carcinomas 6.6 months, which is the shortest average survival period amon; 
the major groups of intracranial metastatic lesions. 

If the group of 33 nonoperated cases (Table 3) is compared with th: 
group of 125 cases in which operation was performed, it will be seen that the 
average survival after onset of intracranial symptoms was 18.2 months in 
the group of neurosurgically treated, and 5.5 months in the non-treated 
cases. 

The survival periods after intracranial operation in 125 cases of brain 
metastases are given in Table 4. The average survival for the whole materia! 
was 10.5 months. It was highest in the group of hypernephromas, 17.2 
months, and considerably lower in the other groups (except for a single case 
of thyroid carcinoma). 

These postoperative survival periods and the percentage of survivors 
seem to be much higher than any previously published. It may be of interest 
to compare them with those in cases of glioblastoma multiforme. Ringertz?’ 
found the average postoperative survival of patients with cerebral glioblas- 
tomas to be 11 months and the postoperative 3-vear survival rate to be 2.9 
per cent. The corresponding figures in my material are about the same, 10.5 
months and 3.2 per cent. Thus in any case it may not be more hopeless to 
operate upon a brain metastasis than upon a glioblastoma. 

On the contrary, if the primary body growth has been removed before 
the operation for brain metastasis, the results of neurosurgical intervention 
in some cases may be good. 


PREVIOUS REMOVAL OF PRIMARY BODY GROWTH 

In the present material there were 24 cases of brain metastasis in which 
the primary body growth had been removed previously. It may be of great 
interest to estimate whether neurosurgical treatment in such cases is more 
favorable than when the primary body tumor is still present at the time of 
the brain operation. 

In this group of 24 cases, the average survival period after brain opera 
tion was 17 months, and after onset of intracranial symptoms it was 22 
months. 

The corresponding figures in the other group (101 cases), in which the 
primary body growth was still present, were 7.8 months and 15 month 
respectively. 

With regard to prolongation of life, it would seem that the first group i 
more favorable, and if we consider the individual cases in our own materia 
we must admit some benefit from removal of the primary growth before th: 
intracranial operation. The metastasis to the brain might be a single on 
and the risk of development of new metastases is eliminated, since the pr: 
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ry growth has already been extirpated. Of course, metastases that have 
eady occurred may still be latent in the brain. 


POSTOPERATIVE CONDITION 

With regard to the general health of the patients after the brain opera- 

n, there is often at least a temporary improvement. 

Many patients obtain relief from the very troublesome headache, a fact 

‘ady pointed out by others.*:! Some patients show a surprising improve- 

nt in general health, and in a few instances they have returned to active 

. In previously reported cases*:*:®> some patients have been symptom free 

| led a normal active life for several vears (5 years in one of Cushing’s 
ses‘). 

In the present material 19 patients, out of 125 operated upon, went back 

work at least for a short time, 10 patients up to half a year or less, 5 for 
al out 1 year, 2 for 2 years and 2 for more than 5 years. One patient with a 

tastatic hypernephroma was alive 17 years postoperatively in tolerably 
od health, with slight ataxia and impaired vision, but able to do light 
inual work, read papers and write letters. 

Unfortunately there is often a diminution of vision caused by choked 

ccs. In some cases there is even a total amaurosis, e.g. in 1 patient with a 
postoperative lifetime of more than 4 vears who was quite well otherwise. 

A patient with metastatic tumor, reported by Cushing,’ had global 
aphasia before operation, but afterwards he remained symptom free and led 
his usual active life for 5 years. Further to quote Cushing,’ “the fact that 
... patients .. . have had unexpectedly long postoperative survival periods 

. after the removal of a metastatic carcinoma brings a certain gleam of 
hope to what surgically is an otherwise most gloomy subject.” 


HYPOPHYSECTOMY IN TREATMENT OF METASTASES 


Luft and Olivecrona” reported 25 cases of hypophysectomy as a thera- 
peutic measure for malignant tumors. According to these authors carcinomas 
of the breast and possibly also of the prostate, as well as chorionic epi- 
theliomas in a stage when other methods of treatment are no longer effective, 
offer a promising field for hypophysectomy. 

In the following 2 cases in our series of metastatic tumors of the brain, 
the intracranial lesion was extirpated and later a hypophysectomy was 
performed. 


Case 11. No. 705/52. E.P., a 43-year-old woman, had been operated upon for a 
mammary carcinoma 7 months before admission. About 3 months after removal of 
the breast headache developed, followed by vertigo, vomiting and mental dullness. 
She had been confined to bed the last month. 

Neurological findings were slow cerebration, slight papilledema and nystagmus. 
Ventriculography showed a tumor in the right cerebellar hemipshere. 

At operation a metastatic tumor, half the size of a hen’s egg, was easily enucle- 
ated. 
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About 1 month later a total hypophysectomy was done. The patient gradual! 
improved and is now, 8 months later, quite well on substitution therapy of Cortison 
25 mg. orally each day. As yet no signs of new metastases have developed and sh 
is back at work at home. 


Case 12. No. 372/51 and 337/53. L.L., a 38-year-old woman, had an attack o 
left-sided Jacksonian epilepsy 5 months prior to her first admission in May 195! 
Two months before entry she had been operated on for a mammary carcinoma. 

There was papillary edema of 4 D in the right eye and 2 D in the left. She hac 
left-sided spastic hemiparesis with extensor response. Carotid angiography reveale: 
a tumor in the right parietal lobe (Fig. 14A). 

At operation a metastatic carcinoma, almost the size of a hen’s egg, was easil\ 
extirpated. 

Postoperative course was uneventful and the patient gradually improved. How- 
ever, she still had Jacksonian fits, but with anti-epileptic therapy they were checked. 

In April, 1953 she was readmitted. A tumor had developed in the operative scar 
on the vertex of the head. This tumor, the size of a walnut, was removed and proved 


Fig. 14. Case 12. (A) Carotid angiography (May 1951) showing in the right parietal lobe a metastasis 
from a mammary carcinoma removed 2 months earlier. (B) Angiography (May 1953) 2 years after extil 
pation of the metastasis to the brain shows no evidence of intracranial recurrence, which was confitmed 
by encephalography. 


on histological examination to be a metastasis. The patient had very slight left 
sided hemiparesis. The eyegrounds were normal. Control carotid angiography a! 
this time (2 years after removal of the intracranial metastasis) revealed no signs of 
recurrence (Fig. 14 B). 

Owing to good results after removal of the pituitary gland in other cases of malig 
nant tumors with metastases, a total hypophysectomy was performed in May 195 
as a prophylactic measure: The postoperative course was uneventful and the patien 
is now at home and quite well on substitution therapy of Cortisone. 
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CONCLUSIONS 


The value of neurosurgery for brain metastases can be summarized as 
fo| ows: 

(1) The average postoperative survival period (10.5 months) is longer 
th n in any earlier reports in the literature. (This figure includes the rather 
hi; : postoperative mortality of 25 per cent within 20 days.) 

2) The survival period after onset of intracranial symptoms in one group 
(1.5 cases), in which the brain metastases had been operated upon, was 
co; pared with that in another group (33 cases) not operated upon. This 
w: ~ longer in the cases neurosurgically treated. 

3) Twenty-four cases in which the primary body growth had been re- 
m: ved before intracranial operation were compared with 101 cases in which 
th. primary body tumor was still present at the time of brain operation. 
W th regard to survival periods after onset of cerebral symptoms, and fol- 
loving brain operation, the results were better when the primary growth 
hal been removed. 


SUMMARY 

A series of 158 cases of verified intracranial metastatic tumors have been 
in\estigated from a neurosurgical point of view. Various kinds of brain 
metastasis have been discussed with regard to pathology, clinical features, 
brain operation and survival periods. The following characteristic findings 
are outlined. 

(1) Frequency of different pathological types of metastatic brain tumors: 
Hypernephroma 20 per cent, bronchial tumors 15 per cent, melanoma 8 per 
cent, and mammary carcinoma 7 per cent. 

(2) Localization in the brain was most commonly in the frontotempo- 
roparietal region and equal in both hemispheres. 

(3) Operative findings: Enucleable tumors in 94 cases. Solitary tumors 
in 67 cases. 

(4) Autopsy: Solitary brain metastasis in more than } of the cases 
examined. 

(5) Clinical picture: Dominating initial symptoms were headache in 44 
per cent, Jacksonian fits in 18, mental confusion in 8 and failing vision in 5 
per cent of the cases. 

(6) Patients can live for several years after extirpation of metastatic 
brain lesions. Average: 10.5 months. A patient with cerebellar metastatic 
hypernephroma is still alive more than 17 years after operation. 

(7) Patients treated neurosurgically had a longer life expectancy than 
untreated ones. 

(8) In cases in which the primary body growth had been removed before 
operation on the brain metastases, the postoperative survival was longer 
than in cases in which the primary tumor was still present at the time of 
brain operation. 

(9) It is concluded that attempts to carry out radical neurosurgical 
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treatment are justified in patients suffering from intracranial metastat 
tumors. 

(10) Finally the recently developed therapy of metastatic tumors, lb 
pophysectomy, is mentioned and the possibility of a combined attack wit 
extirpation of the intracranial metastasis followed by hypophysectomy 
discussed. 
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In the past few vears the medical literature has been flooded with articles con- 
cerning cerebral angiography, but we could find no report of a local complication 
similar to the one presented herein. 

Among the many local complications that have been described are cervical hema- 
toma, irritation of cervical soft tissues, temporary paralysis of the vagus, transitory 
punctate hemorrhages in the face, neck or eyes, cervical radiculitis, irritation and 
paralysis of cervical sympathetic nerves,' external swelling, slight displacement of 
the trachea, tenderness at the puncture site and pain in moving the head and swal- 
lowing, and swelling and bruising of the mucous membrane of the pharynx.? None of 
these is directly related to an artery or could lead to difficulties in diagnosis. 

In the following case the intima of the common carotid artery was injured by 
the needle during percutaneous angiography with the result that our clinica! diag- 
nosis was wrongly influenced and proper treatment of the lesion was not done. 


CASE REPORT 


Do. 115414. E.C., aged 50, was admitted as an emergency on May 1, 1953 at 8:00 p.m. 
For 5 weeks the patient had had increasing generalized headaches with progressive motor 
speech disturbances and weakness of the right limbs. Three days before admission he became 
somnolent and semiconscious in 24 hours. 

Examination. The patient was deeply unconscious. Pulse rate was 44, and respiratory 
rate 12. There was slight swelling of the optic dises. The right pupil was slightly larger than 
the left and reacted sluggishly to light. Reflexes on the right were hyperactive with positive 
Hoffmann and Babinski signs on the right. Abdominal and cremasteric reflexes were abol- 
ished. 

Clinical diagnosis: left-sided expanding lesion, probably temporal lobe tumour. 

Percutaneous Carotid Angiography. Under intratracheal general anesthesia, puncture of 
the left carotid artery was easily performed. It may be mentioned that there was a strong 
flow of blood before each injection of diodrast during the procedure. 

At the first injection visualization of the cerebral arteries was not obtained. As it was 
thought that this failure was caused by lack of timing the injections were repeated tw 
with the same result. The radiologist, therefore, decided to place two films, one in the usii: 
manner and a second at the neck in order to trace the course of the diodrast, since the op: 
tor was positive that the injections were made directly into the lumen of the artery, : 
there was no swelling of the neck. The angiogram obtained is shown in Fig. 1. A diagnosis 
of thrombosis of the internal carotid artery was made. 


* Read at the meeting of the Canadian Neurological Society, Winnipeg, Canada, June 20, 1953. 
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Fic. 1. Occlusion of the common carotid ar- 
*, as shown in the upper of the two films used 
text). A valvula can be seen, or at least sus- 
ted, at the tip of the needle. 


With the next injection the entire com- 
n carotid was visualized from its origin, 
| it was thought that the thrombosis began 
w mm. from the bifurcation (Fig. 2). This 
1 also eliminated the possibility of an in- 
mural injection of the dye, for in such in- 
neces the artery appears to be blocked but 
nuch larger than usual. 

Although this last film (Fig. 2) was quite 
favor of a thrombosis, the diagnosis was 

satisfactory because of the clinical find- 
s and history of the patient. 

A right percutaneous angiography was 
‘formed. The elevation of the left middle 
‘ebral artery and the displacement to the 
ht of the right anterior cerebral artery sug- 


n- 
on 


Fic. 2. The entire common carotid artery is filled. A few mm. from the bifurcation, the internal carotid 
artery seems to be obliterated. The valvula is less evident than in Fig. 1. 
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gested an expanding lesion in the left tem- 
poral lobe. However, the diagnosis of throm- 
bosis of left internal carotid artery prevailed 
and also because of the poor condition of 
the patient it was decided not to carry out 
trephine exploration of the left temporal lobe. 

The following morning, the patient died. 

Autopsy revealed that the clinical diag- 
nosis was accurate; there was a large spongio- 
blastoma of the left temporal lobe. 

The X-ray findings of the left angiography 
were understandable on examination of the 
common carotid artery on the left side. As 
shown in Fig. 3, there are two little holes in 
the artery and, just above, the intima of the 
artery has been sharply and neatly cut hori- 
zontally for about 4 of the entire diameter of 
the intima. This caused a peeling of the ad- 
ventitia which formed a valvula, the opening 





Fic. 3. The left common carotid 


artery and bifurcation into internal and ; 
bay end of which faced the blood flow. 
external carotid. Note the two holes and 


the neat cut made horizontally. The peel- When the artery was closed (Figs. 4 and 

ing of the adventitia formed a valvula in 5) the flow of the blood dilated the valvula 

which the blood and the dye were blocked. and obliterated the artery so that the diodrast 
was forced down stream. 


Figs. 4 and 5. (Left) On closing the artery the cut end of the intima is lifted and the valvula 
opened. (Right) As shown, the valvula can be slightly dilated. The blood flow dilated the valvula, esp:- 
cially during the injection, as shown in Fig. 1 with the needle apparently inside the valvula. This dilat 
tion caused obliteration of the artery and suggested the diagnosis of a thrombosis. 


If the angiograms (Figs. 1 and 2) are closely studied, one may suspect the valvula, dilat: 
with the diodrast, with the point of the needle at its opening. Had we known that such 
valvula could result from the puncture, we would have maintained our first diagnosis of 
left temporal tumour. 
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Fic. 6. (Reproduced from Koppang*) There seems to be a slight dilatation at the site of the block- 
age, which appears clearer on the lateral view. The point of the needle, as in our Figs. 2 and 3, would have 
an identical position. 


COMMENTS 


1. It is quite interesting to compare with our findings 
some of the angiograms published in articles on the diag- 
nosis of thrombosis of carotid arteries.** For example, an 
illustration in a paper by Koppang® seems to show a similar 
kind of tip of the contrast medium (Fig. 6). 
One may wonder (a) if the formation of a valvula by a 
ruptured intima of the artery is more frequent than sup- 
posed, and (b) if one should, as a routine, puncture the in- 
ternal carotid artery every time percutaneous angiography 
of the common carotid shows a block, or even expose the 
internal carotid artery to verify the thrombosis, so as to be 
sure to eliminate the possibility of a traumatic valvula of 
the intima. 
2. We think that the intima of the artery was punctured 
by the tip of the needle and then the cross section was made 
by a lateral movement of the needle. The force of the blood 
flow was enough to peel the intima and form the valvula 
(Fig. 7). 
It therefore seems appropriate to advise the use of a Fic. 7. Drawing to 
needle with a short point that is as dull as possible in order show how the point of the 
to avoid such damage and to prevent the possibility of "eedle may have cut the 


ate " : ; intima by a lateral move- 
obtaining a film that may lead to the wrong diagnosis of jnent during the manipu- 
thrombosis. lations. 
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NOTICES 


AMERICAN BOARD OF NEUROLOGICAL SURGERY 

‘he American Board of Neurological Surgery at its meeting in New Haven, 
(‘o1 necticut, October 21-24, 1953 discussed the problem of evaluating residency 
trai ing programs throughout the country. As stated in the July 1953 issue of the 
Jou nal (p. 441), a Residency Review Committee has been established as a joint 
act) ity of the American Board of Neurological Surgery and the Council on Medical 
Ed: ‘ation and Hospitals of the American Medical Association. The members of 
the tesidency Review Committee are Drs. Francis C. Grant, R. Glen Spurling, and 
Lec card T. Furlow from the Board, and Drs. Paul Bucy, Ottiwell W. Jones, Jr. 
and dward Leveroos from the Council on Medical Education and Hospitals. 

nce all residency training programs are to be reviewed, a new type of question- 
nai) has been devised and this will be sent from the Council office to all approved 
neu osurgical residency training programs. The Board is cognizant of the fact that 
the ‘illing out of such a questionnaire entails considerable time and work on the 
par. of the hospital and the chief of the neurosurgical service. It is necessary, how- 
eve’, that this information be obtained from every service in order that the evalua- 
tion may be carried out in an orderly fashion. The Board is very anxious that these 
que-tionnaires be filled out and returned to the Council office as promptly as 
possible, 


ixaminations were given by the American Board of Neurological Surgery, 
October 22-24, 1953, in New Haven, Connecticut, and the following were certified: 


AmMerMAN, Harvey H. 2025 Eye St., N.W., Washington 6, D. C. 
ARNSTEIN, LAWRENCE 605 Cowper St., Palo Alto, Calif. 

Batkin, STANLEY University Hospital, Syracuse 10, N. Y. 

BipwEtL, Ropinson LER. II 203 State St., Portland, Me. 

Brzustowicz, RicHarD JOHN 277 Alexander St., Rochester 7, N. Y. 
Busuarp, Marcus C. 3374 Fourth Ave., San Diego, Calif. 

Coun, GeorGe ALTMAN 993 Delaware Ave., Buffalo 9, N. Y. 
DrucKEMILLER, WILLIAM Henry U.S. Navy 

DunsmMorE, RemBranpt Harvey 85 Jefferson St., Hartford 14, Conn. 
EacLes, WinttaMm McCoy Veterans Administration Hospital, Richmond 19, Va. 
Encuisu, Howarp S. 1611 Genesee St., Utica, N. Y. 

Estrince, M. N. 207 Platt Bldg., San Bernardino, Calif. 

Garcia Outer, Jose L. 3326 Nashville Ave., New Orleans, La. 

GREENE, CLARENCE SUMNER $939 Military Rd., N.W., Washington, D. C. 
Gustito, Romeo H. Santo Tomas University Hospital, Manila, Republic of Philippines 
Harrer, W. Henry 638 East Santa Clara St., San Jose, Calif. 

Henry, Marsuatt G. 1006 Hermann Professional Bldg., Houston 5, Texas 
Hincugey, Tuomas P. R. 1101 Beacon St., Brookline, Mass. 

Horninc, Epwarp Doveias 18 West Franklin St., Baltimore 1, Md. 
Hvertas, Jorce (Foreign certificate) Cra 9 No. 48-68, Bogota, Colombia 
Kircis, Homer D. Ochsner Clinic, New Orleans, La. 

Matis, Leonarp I. 1185 Park Ave., New York, N. Y. 

Manninea, Georce C., Jr. 111 Medical Center Bldg., Fort Wayne, Ind. 
Mutrorp, Epwin Hastines II 144 Golden Hill St., Bridgeport, Conn. 
Ropinson, FRANKLIN 250 Edwards St., New Haven, Conn. 

Sayers, Martin Peter 9 Buttles Ave., Columbus 8, Ohio 

ScHEIBERT, CHARLES Davip Box 93, Kennedy Hospital, Memphis 15, Tenn. 
SLEPIAN, ALEXANDER 959 Lafayette Ave., Niagara Falls, N. Y. 
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Srarr, Harry 675 Fifth St., Beaumont, Texas 

STRATEMEYER, Winstow P. 415 E. Yandell Blvd., El Paso, Texas 

Tsane, Joun L. K. 919 N. Taylor Ave., St. Louis, Mo. 

Zuniea, Arcesio (Foreign certificate) 605 Commonwealth Ave., Boston 15, Mass. 


ASSOCIATION FOR RESEARCH IN NERVOUS AND MENTAL DISEASE 


At the 33rd annual meeting of the Association for Research in Nervous 
Mental Disease held in New York City on December 11-12, 1953, the follow 
officers were elected for the year 1954: President, Dr. Rustin McIntosh; Ist \ 
President, Dr. Walter Klingman; 2nd Vice-President, Dr. William S. Langfi 
Secretary-Treasurer, Dr. Clarence C. Hare; Assistant Secretary, Dr. Rollo J. Ma 
link. 

The subject for the 1954 meeting will be “Psychiatry and Neurology of Child- 
hood.” 


se- 


CONGRESS OF NEUROLOGICAL SURGEONS 


The 3rd annual meeting of the Congress of Neurological Surgeons was held in 
New Orleans at the Roosevelt Hotel, November 12-14, 1953. 

Sir Geoffrey Jefferson was the distinguished guest and his papers included 
Changing Ideas on the Integration of the Brain, Trigeminal Tumors, and Chiasmal 
Gliomas. 

The following officers were elected: James R. Gay, White Plains, N. Y., Presi- 
dent; Donald B. Sweeney, Birmingham, Vice-President; and Bland W. Cannon, 
Memphis was re-elected Secretary and Treasurer. The members of the Executive 
Committee continued in office were Frederick C. Rehfeldt, Fort Worth, Donald 
B. Freshwater, Pasadena, Raymond K. Thompson, Baltimore and Ira J. Jackson, 
Galveston. Franklin Earnest, III, Toledo and Henry M. Suckle, Madison, were 
newly elected to the Executive Committee. 


NEUROSURGICAL SOCIETY OF AMERICA 


At the 6th annual meeting of the Neurosurgical Society of America held at the 
Broadmoor, Colorado Springs, Colorado, September 23-26, 1953, the following offi- 
cers were elected: President, C. Douglas Hawkes, Memphis; Vice-Presidents, Carl 
J. Graf, Buffalo and Charles L. Neill, Jackson; Treasurer, I. Joshua Speigel, Chicago: 
and Secretary, Lester A. Mount, New York. 
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THE TREATMENT OF GLIOBLASTOMAS 
WITH RADIUM 


ERNEST SACHS, M.D.* 
New Haven, Connecticut 


(Received for publication May 5, 1953) 


ETWEEN the years 1911 and 1946, 789 gliomas of various types were 
treated in my clinic. They were subdivided into the following groups: 


256 Astrocytomas, some solid and some cystic 
92 Medulloblastomas 
32 Cysts with no microscopic verification 
52 Ependymomas 
39 Oligodendrogliomas 
57 Various rarer types 
261 Glioblastomas 


T think I am expressing the opinion of most neurosurgeons that all 
gliomas other than the glioblastomas should be operated upon and removed 
as radically as possible. As many grow slowly repeated operations may be 
undertaken to prolong the patient’s life. Views about medulloblastomas vary 
in that some surgeons content themselves with a biopsy and then use inten- 
sive X-ray therapy, while others remove the tumor as completely as possible 
and then give X-ray therapy. Whether radiation should be used following 
operation for other types of tumors is a question about which there still is a 
difference of opinion. With a slowly growing tumor that has been radically 
removed it is extremely difficult to determine what effect radiation has had 
on the course of the disease. 

Our greatest problem, however, still remains the care of patients with 
glioblastomas and I shall limit my remarks to this group. Let me say in the 
first place what I have repeatedly said before, that I believe every patient 
with a brain tumor is entitled to an exploration to determine what can be 
accomplished by surgery. I am not convinced that by angiography one can 
positively diagnose a glioblastoma though I realize that the claim has been 
made. Nor can the preoperative diagnosis be definitely made on the history 
and course of the disease, though it may frequently be suspected. 

Of the 261 cases of glioblastomas in this series it has been possible to re- 
view only 154 at this time. The histories of the others are still in St. Louis. 
However, the 154 cases that have been reviewed are enough to enable one 
to draw some conclusions. 


* Research Associate, Departments of Surgery and History of Medicine, Yale University School 
of Medicine, New Haven, Connecticut. Formerly Professor of Clinical Neurological Surgery, Washington 
University School of Medicine, St. Louis, Missouri. 
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The majority of the patients with glioblastomas died in less than 2 
months but there were 14 who lived for over a vear and these have ben 
studied particularly to determine what factor or factors were responsible {or 
their longer survival. Of this pitifully small number, 8 lived more than 2 
years and 4 for more than 3 years. 

The first question to resolve was the histological character of the tumc rs 
in these cases of longer survival. The sections were therefore re-examine |. 
From their microscopical appearance all of the tumors were malignant. 
They contained numerous mitoses, showed endothelial and adventitial p:o- 
liferation of the blood vessels, and in some there was necrosis with pseudo- 
palisading. We may conclude therefore that they were histologically as 
malignant as in those cases in which the patients died much more quickly. 
The location of the tumors was of no apparent significance; some were front- 
al, some parietal, some temporal, and one was occipital. 

Then the treatment was considered. What, if anything, was different in 
the handling of these tumors as compared to the others in the series? 

The longest survival was in those cases in which a very large amount of 
radiation was given. In 1937 and 1939 three papers on the radiation of 
gliomas were published from my clinic. One was a study of the effect of X- 
ray on tumors, reported in 1937.‘ That same year a technique was described? 
by which one could give one massive dose of X-ray into an open wound at 
the time of operation. The largest dose we gave in this way was 6000 r. But 
the method was cumbersome and technically awkward. The skin wounds, 
of course, had to be very carefully protected so that they healed well and 
were not injured by this large amount of radiation. In 1939* 119 gliomas were 
reviewed and the conclusion was reached that heavier doses of radiation 
than we had been giving would have to be employed to get any effect. At 
that time the usual dosage was 1500 to 2500 r. 

We then began treating a series of patients by implantation of gold 
radon seeds into the raw surface of the brain from which all vestiges of 
tumor had been removed. The seeds were placed within 1 em. of each other. 
In the first cases 10 to 12 seeds were used, but subsequently the number was 
increased to 40 seeds. The amount of radiation that the patient received by 
this method in a localized area is much greater than it is possible to give 
with X-ray, as calculated by Dr. Shapiro of the Department of Radiology 
at Yale University School of Medicine. 

In the following brief reports, Cases 1 and 2 illustrate the advantages of 
using radon seeds instead of X-ray radiation, and Case 3 demonstrates 
that the size of the radiation dose plays an important role. 

Case 1 (51203). A female, aged 26, was admitted with Jacksonian convulsions 
her arm. She was operated upon but no tumor was found, so a subpial resection of 
her arm center was performed. Three months later she returned with the typical }'c 
ture of an intracranial tumor. A radical operation was performed and she was gi. ° 
2500 r of X-ray. She returned in 2 months with symptoms of a recurrence. Reop« 
tion was performed and 30 radon seeds were implanted. The radiation amounted | 
8500 r. Following this treatment she lived for 23 years. 


Case 2 (47539). A male, aged 26, had had a radical removal of a temporal tur 





TREATMENT OF GLIOBLASTOMAS WITH RADIUM 121 


id was readmitted 3 months later for a recurrence. After a second removal 40 radon 
eds were implanted, representing a dosage of 11200 r. He went along for 2 years 

wid 2 months and then returned with another recurrence. He was again operated 
on but this time a dosage of 3500 r of X-ray was administered through the open 
yund. He died of a recurrence 5 months later. 


Case 3 (57301). A female, aged 40, after removal of a temporal lobe tumor re- 
ived 6000 r through the open wound. She lived for 23 years. 


These patients and some of the others who survived well beyond the 
‘erage time demonstrate quite clearly that large amounts of radiation are 
lerated and have a beneficial effect. The great advantages of using radon 
eds are that the radiation is concentrated in the region in which it is most 
eded and that the rest of the brain is not affected by the radiation. Placing 
e radon seeds in a flat surface, as when a frontal lobe has been amputated, 
much more satisfactory than if one has a cavity left after a tumor has been 
moved. It is difficult to place seeds into such a cavity so that the entire 

uea receives intensive radiation without any gaps, and this I believe may 
‘the reason why some patients in whom we put seeds did not survive so 
ng a time. It is most important to place the seeds close together, as the 
-:diation from seeds extends only a short distance, not more than 1 em. in 
‘very direction. 

If one has no emanation plant at hand, and we had none nearer than 

hicago, it is cumbersome to make arrangements for getting seeds but we 
were able to obtain them 24 hours after they had been prepared and each 
seed amounted to 1 millicurie. We had no experience in applying radium 
externally but in Stanford Cade’s book! on the treatment of malignant 
disease by radium, there is a record of 4 patients with glioblastomas who 
were operated upon by Hugh Cairns and treated for him by Cade. They 
lived 9, 6, 5, and 5 years respectively. In all of these cases the dosage was 
around 8000 r. He reported no cases of brain tumors that were treated with 
radon seeds but mentioned the possibility. 

Our cases and those of Cairns, it seems to me, indicate quite definitely 
that we must make a more determined effort to treat glioblastomas with 
radium since it is possible to give much bigger quantities of radiation than 
with X-ray. 

With this evidence I feel we are not justified in considering the glio- 
blastomas a hopeless problem but rather one that needs more intensive 
effort to effect a cure. It would be most interesting if some clinic would un- 
dertake to treat two series of glioblastomas, one with radon seeds and an- 
other with radium or cobalt, in the form of a helmet, as described by Cade. 
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lig purpose of this paper is to reemphasize techniques for pneumo- 
encephalography originally developed by Robertson*:’ and Lindgren‘ 
which in this country seem to have escaped the attention they merit. 
These methods assure adequate visualization of the 3rd ventricle, aqueduct 
of Sylvius and 4th ventricle in most cases, as well as anatomical delineation 
of the subarachnoid cisternae (Figs. 1 and 2). Review of the radiologic litera- 


Fics. 1 and 2. (Left) Scheme of roof of lateral ventricle and cisterna magna. Arrow in the foramen 
of Magendie (after Gray). A=Cisterna interpeduncularis. B=Choroid plexus of 4th ventricle. C =Cis- 
terna pontis. D=Cisterna magna. Va 

(Right) Tracing of a postero-anterior upright roentgenogram showing the posterior midline struc- 
tures and the subarachnoid cisternae. A= Lateral ventricle. B=Cisterna vena magna cerebri. C= Third 
ventricle. D = Pineal gland. E = Aqueduct superimposed on posterior portion of 3rd ventricle. F = Cisterna 
ambiens. G=Fourth ventricle. H=Lateral recess of pontine cistern. I=Air between cerebellum and 
petrous portion of temporal bone. J=Cisterna magna and cisterna pontis superimposed. 
ture shows that the problem of visualizing the posterior midline struc 
tures is a significant one as evidenced by the numerous complicated po 
tional maneuvers that have been devised!" and the recent extensive use 
tomography.” 7;” 

The technique of encephalography varies considerably; this is true of t've 
actual roentgenological technique as well as the methods of gas-fluid ' 

rj ° . . 
placement. The common practice appears to be the drainage of a varial 
amount of spinal fluid before gas is introduced into the lumbar subarachn 
space. Thus, Davidoff! reeommended the initial removal of 10 ec. of cei» 
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ospinal fluid prior to replacement with 5 cc. of gas. Thereafter, 5 cc. ali- 
iots of fluid and gas are alternately removed and injected. With this method, 

70 cc. of gas are employed for routine pneumoencephalography. Other 
uminers use even larger quantities of gas and, in some clinics, it is not un- 
mmon for encephalography to be done with complete replacement of the 

« rebrospinal fluid by gas. 

As early as 1933, Gardner and Nichols* stated that satisfactory filling of 
- ventricular system could be obtained if air were injected into the lumbar 
‘ca prior to removal of fluid. More recently, Lindgren‘ has demonstrated 
it ascent of gas to the 4th ventricle and aqueduct is enhanced when no 
id is initially removed. Similarly, Lindgren*’ and Robertson® have shown 
it ascent of gas into the ventricular system depends upon the position of 
» head. Nevertheless, these observations do not appear to be generally 
own nor appreciated. 


PRINCIPLES OF TECHNIQUE 
Gas introduced into the lumbar theca ascends to the cisterna magna when 
tle patient is seated with the head flexed. Thereafter, its course is determined 
by the position of the head (Fig. 3). Thus, with the head in the neutral or 





Fic. 3. Tracing of a lateral view of a roentgenogram showing the basilar cisternae. A=Cisterna 
chiasmatis. B=Cisterna interpeduncularis. C=Cisterna pontis. D=Cisterna vena magna cerebri. 
E=Cisterna ambiens. F=Cisterna magna. 


slightly extended position, most of the gas passes ventrally into the basilar 
cisternae. From there, it may either go posteriorly into the cisterna ambiens 
or anteriorly into the cisterna chiasmatis (Fig. 4). However, if the head is 
flexed acutely, gas tends to enter the posterior portion of the cisterna magna 
and pass over the dorsal aspect of the cerebellum; from there it proceeds 
forward under the tentorium to the cisterna venae magnae cerebri and finally 
upward over the cerebral convexity. Little gas enters the basilar cisternae 
in the position of hyperflexion of the head; also there is little opportunity 
for ventricular filling with the head in this position. The ideal position is one 
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Fig. 4. Lateral film of skull with head in the neutral position, showing air in the 
basilar cisternae and the cisterna ambiens. 
of slight flexion of the head; under these circumstances, gas rises to the 
anterior portion of the cisterna magna to ascend through the foramen of 
Magendie to the 4th ventricle, aqueduct and posterior portion of the 3rd 
ventricle (Figs. 5 and 6). Initial drainage of cerebrospinal fluid probably 
results in a variable degree of collapse of the cisternae and foramina which 
mitigates against successful ascent of gas into the ventricular system. 
Robertson’s experience has shown that successful ventricular filling depends 
upon the tendency of gases to rise vertically in liquids. It is reasonable, 
therefore, to expect that ventricular filling would be achieved more uniform- 
lv with the subarachnoid spaces distended. 
th 
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Fies. 5 and 6. Postero-anterior and lateral views of skull with head in slight flextion, showing air in 


in the 4th ventricle, aqueduct of Sylvius and posterior portion of 3rd ventricle (8 cc. of air). ro 
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TECHNIQUE OF EXAMINATION 
Lumbar puncture is performed with the patient seated and the head slightly 
-xed (approximately 20°) facing the vertical cassette holder of the x-ray unit. After 
- escape of several drops of spinal fluid from the needle, 5-8 ce. of filtered air are 
wly injected. Postero-anterior and lateral roentgenograms with the head in the 
ne position are taken and viewed. There is usually excellent visualization of the 
: ventricle, aqueduct and posterior portion of the 3rd ventricle, and partial filling 
the lateral ventricles. Should visualization of the posterior midline structures not 
satisfactory, minor adjustment of the position of the head may be required. The 
ree and type of adjustment are governed by the location of the injected air. 
Approximately 5-8 cc. of cerebrospinal fluid are removed before the injection of 
litional air. If the posterior midline structures are demonstrated satisfactorily on 


Figs. 7 and 8. Postero-anterior and lateral views of skull following the introduction of 20 cc. of air. 


the preliminary films (and they usually are), an additional injection of 10-15 ce. of 
air is made; the last 5 ce. are injected with the head in the neutral position so that air 
flows into the ventral basilar cisternae. If it is desirable to visualize the sulci over the 
cerebral convexities, 5-10 cc. of air may be injected with the head markedly flexed 
so that air may pass over the dorsal aspect of the cerebellum and finally over the 
cerebral hemispheres (Figs. 7 and 8). The total quantity of air routinely employed 
rarely exceeds 20-30 ce. 
The patient is then placed in the supine position with the frontal horns up and the 
following films are made: 
Anteroposterior projection with the central ray passing through the frontal 
horns. 
Anteroposterior half-axial projection (tube tilted 30° toward the feet). This 
provides an elongated view of the frontal horns which demonstrates the sep- 
tum pellucidum well. 
3. Lateral projection. 
The patient is turned slowly into the prone position with the occipital horns up 
in order to visualize the posterior portions of the lateral ventricles, and the following 
roentgenograms are made: 
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Postero-anterior projection with the tube tilted 10° toward the head. 

5. Postero-anterior half-axial projection (reverse Chamberlain-Towne positic 

with the tube tilted 30° toward the head. This view is optional. 

6. Lateral projection. 

The temporal horns are filled with air by slowly turning the patient from t 
prone position with the chin held close to the chest and the head slightly inclin 
downward and laterally. With this maneuver the air passes along the floor of the |: 
eral ventricle into the corresponding temporal horn where it remains trapped wh«1 
the patient finally reaches the supine position. The following films are made { 
study of each temporal horn: 

7. Anteroposterior or postero-anterior projection. 

8. Lateral projection. 

Several anteroposterior projections of the temporal horns may be made with var- 
ying degrees of tube angulation if special attention is required because of suspected 
lesion in this region. 

The examinations frequently were conducted with manometric control of the 
cerebrospinal fluid pressure. The average spinal fluid pressure in the sitting position 
ranged from 310-570 mm. of water. The introduction of 5-8 cc. of air was accom- 
panied by a rise in manometric pressure varying from 30-170 mm. of water (average 
= 90 mm.). The transient rise in pressure was corrected by drainage of cerebrospinal 
fluid under manometric control so that the spinal pressure was restored to its pre-in- 
jection level, and similarly corrected following each subsequent incremental air in- 
jection. 


DISCUSSION 

Experience has proven this method to be far superior to the blind, rela- 
tively uncontrolled replacement of cerebrospinal fluid with large quantities 
of gas. The authors completely agree with Lindgren that encephalography 
is a procedure that requires detailed attention and constant direction, if 
consistently good results are to be achieved. 

The advantages of this technique are (1) precise direction of air into the 
ventricular and cisternal systems, thus assuring anatomical visualization of 
these structures and eliminating the need for complicated special positions 
or tomography; (2) low morbidity—it has been found that little or no post- 
encephalographic discomfort is experienced when small amounts of air are 
employed so that it has not been uncommon for patients to be ambulatory 
several hours after examination. 

To date, most of the patients examined have had either seizure problems 
or craniocerebral injuries. There were 4 patients with expanding intracrani:l 
mass lesions (2 intracerebral hematomas, 1 chronic subdural hematoma, | 
temporal glioblastoma multiforme) who did not have either clinical or man- 
ometric evidence of increased intracranial pressure. These patients tolerate 
the procedure without any untoward effects. At present, we do not advoca e 
the routine use of this technique in patients with obvious expanding intr:- 
cranial mass lesions. However, other investigators®:!°: have reported the u e 
of a similar method without adverse results in patients with increased i 
tracranial pressure. 





CONTROLLED PNEUMOENCEPHALOGRAPHY 
SUMMARY 


1. A pneumoencephalographic technique for filling the 4th ventricle, 
ueduct and subarachnoid cisternae with small amounts of air is reviewed. 
2. The advantages of this method are discussed. 

3. The roentgenological anatomy of the subarachnoid cisternae is pre- 
ited. 
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NCREASING interest in the surgical treatment of cerebral aneurysms sug- 
gests that an evaluation of the potentialities of this form of therapy 
might be aided by a review of some of the anatomic findings in 143 autop- 
sied cases of subarachnoid hemorrhage caused by leaking miliary or berry 
aneurysms of the circle of Willis. 
The sex and age distribution in this group differed significantly from that 
in cases of apoplexy previously reported.’ Women predominated 91 to 52; 
31 per cent of the patients were un- 
der 40 years of age as compared to 
9 per cent in the apoplectic group. 
The youngest patient was 14 and 
the oldest 94. 

The aneurysms were all located 
above the carotid siphon on the cir- 
cle of Willis, its peripheral branches 
or its basivertebral component. For- 
tyv-eight involved the anterior com- 
municating artery, 51 the internal ca- 
rotid, 30 the branches of the anterior, 
middle or posterior cerebral arteries, 
and 14 the basivertebral stems. The 
left half of the circle was involved in 
54 cases, the right in 51 and the 
midline in 38 (Fig. 1). 

The aneurysmal sac originated 
at arterial branchings, although not 
necessarily at a bifureation, in 101 

: Fic. 1. Showing location of aneurysms on the eases and by outpouchings from the 
circle of Willis: 143 ruptured aneurysms (dotted ; ° y 
numerals) and 39 unruptured aneurysms (solid vascular stem in 42. When the 
numerals). aneurysms involved the origin of «n 

artery, particularly the anterior 
choroidal from the internal carotid, the distal portion of the vessel was fre- 
quently continuous with the fundus of the sac. 
Multiple Aneurysms. Multiple aneurysms were present in 27 patien 
bilaterally placed in 13 and in the midline as well as on one or both sides 
7. Ruptured and unruptured sacs were found on the same artery in 2, ont’! 


* Read in part at the First International Congress of Neuropathology, Rome, September 13, 19. 
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same side of the carotid stem in 7 and on the basivertebral branches in 7. 

Meningeal Hemorrhage. Bleeding into the subarachnoid space was found 
‘ necropsy in 137 patients. Evidence of ancient leakage was noted in 6 pa- 
nts dying of causes unrelated to aneurysmal rupture. Bleeding into the 
isal cisterns occurred in the majority of cases but was confined to the con- 
‘xity on the side of the aneurysm in 12, to the median fissure in 7 and local- 

ied to the immediate region of the sac in 10. Subdural extension occurred 

22 cases. 

Continued leakage or recurrent hemorrhage from the aneurysmal sac 
parently occurred in 121 patients. Resolution of the bleeding, manifested 
staining of the meninges and hemolyzed blood around the basal struc- 
ires, was found in only 6 patients, 2 of whom died within 5 days after the 
iset. Recent bleeding or fresh hemorrhage superimposed on older clots was 
‘esent in 26 patients who had been hospitalized longer than 1 week and 12 

\ ith symptoms of 2 to 6 weeks’ duration. Signs of older leakage, obviously 
itedating the episode of acute bleeding, could be demonstrated in many 
iistances. Bronzing of the meninges, infiltration of tissue around the sac by 
lood pigment and collections of similar pigment along the basal vessels were 
noted in 13; envelopment of the aneurysm, wholly or partially, by a pseudo 
sac in 22; and dense adhesions between the sac and the arteries or adjacent 
-tructures in 25. 

Parenchymatous Lesions. Destruction of brain tissue, more extensive 
than erosion or hemorrhage around the sac, complicated the rupture of the 
aneurysm in 94 cases. Frank hemorrhage occurred in 29 cases, as a subcor- 
ical hematoma contiguous to the aneurysm in 21, and deep within the brain 
structures at a distance from the sac in 8. Focal hemorrhagic or anaemic 
infarction involving both cortical and deep structures, frequently in more 
than one area, was present in 65. 

Disregarding the nature of the parenchymatous destruction (hemorrhage 
or infarction), the site of the lesion, in the majority of cases, could be cor- 
related with the location of the aneurysm on the cerebral vascular tree. 

Aneurysms arising from both the anterior cerebral and the anterior com- 
municating arteries were associated with damage to the medial portion of the 
frontal lobe and the corpus callosum, with additional involvement of the 
orbital portion of the frontal lobe and the caudate nucleus in cases of aneu- 
rysms of the anterior communicating artery. The cortex and subcortex of the 
convexity were involved with aneurysms of the middle cerebral in the Syl- 
vian fissure. Lesions in this area, as well as of the lenticular region and the 
subependymal tissue around the inferior horn of the ventricle were present 
with aneurysms of the internal carotid. Destruction within the cerebellar 
hemisphere and damage to the retro-olivary portion of the medulla, respec- 
tively, was noted with two aneurysms arising from the basivertebral stem, 
one at the origin of the superior cerebellar and the other at the origin of the 
posterior inferior cerebellar. Lesions of the midbrain and upper pons oc- 
curred with aneurysms of the divisional branches of the basilar. 

In general, the parenchymatous damage associated with leaking aneu- 





130 G. WILSON, H. E. RIGGS AND C. RUPP 


rysms occurred in the territory of stem vessels located distal to the sac. |t 
would seem, therefore, that circulatory disturbances in the vascular bed sf 
the peripheral field of supply resulting from aneurysmal rupture must be co 1- 
sidered as a factor in the production of the brain lesions. However, lesio:is 
confined totally or in part to the distribution of ganglionic arteries wee 
associated with 10 aneurysms of the middle cerebral in the Sylvian fissu:«, 
and bilateral lesions of the globus pallidus with unilateral destruction of the 
cortical grey ribbon of the island of Reil with an aneurysm of the anterior 
communicating. In view of these findings, other factors, such as rapidly in- 
creasing intracranial pressure, may also contribute sufficient circulatory dis- 
turbance to produce tissue damage in susceptible areas. 

Extraneural Disease Associated with Leaking Cerebral Aneurysm. We 
have previously reported that, although aneurysms were present in 131 of a 
series of 1,335 brains examined at necropsy, leakage or rupture was present 
in only 37 (28 per cent). Little attention has been paid to the factors that 
precipitate bleeding from cerebral aneurysms. The etiologic role of cardio- 
vascular or other chronic organic somatic disorders is difficult to evaluate in 
elderly patients. It seems worthy of mention, however, that hypertrophy of 
the heart, particularly of the left ventricle, was present in 27 of the group of 
40 patients under 40 years of age. Dissecting aneurysm of the aorta, severe 
coronary sclerosis or fibrosis of the myocardium were present in 3 patients, 
the oldest of whom was 30. Rheumatic valvular disease was noted in 3, peri- 
cardial effusion in 2 and adhesive pericarditis in 1—all under 40 years of 
age. In this younger group, subarachnoid bleeding occurred during active 
pulmonary tuberculosis in one patient and during a crisis of sicklemia in 
another. 

Of the 97 patients over 40 years of age, 41 were under treatment for 
cardiac disorders prior to the onset of the subarachnoid bleeding; 15 addi- 
tional instances of luetic or rheumatic heart disease were found post mortem. 
Patent foramen ovale was noted in 3 cases, pericardial effusion in 1 and a 
large aneurysm of the aortic arch in another. Subarachnoid bleeding occurred 
in 3 chronic alcoholics during a debauch and in 1 patient at the onset of 
diabetic acidosis. 

Associated Anomalies. Extracranial anomalies and malformations have 
frequently been reported as associated with cerebral aneurysms‘ but were 
present in only 9 patients in this group. Patent foramen ovale or fenestra- 
tion of the aortic valves was noted in 4, polyeystic disease of the kidney in 
1, and horseshoe kidney in another. Hypoplasia of one kidney or one adren:il 
was noted twice, reduplication of the ureter, once. 

Anomalous formation of the circle of Willis in the presence of cerebr: 
aneurysm, however, was present in 118 of the 124 cases in which comple! c 
description was available. Because of the relatively few cases in which the 
posterior half of the circle of Willis was involved, analysis of the intracrani: | 
anomalies associated with leaking aneurysms is limited to 119 cases in whic 1 
the aneurysmal lesion involved the internal carotid or its branches. Esse: - 
tially, the anomalous formation resulted from hypoplasia of one or more « { 
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"iG. 2. Variations in circle of Willis associated with 114 cases of ruptured miliary aneurysm. 
. Normally formed circle of Willis—10 cases. 
. Hypoplasia of all stem vessels which are relatively equal in size (foetal type) —6 cases. 
. Hypoplasia of the first portion of one anterior cerebral artery —47 cases. 
’, Hypoplasia of the divisional branches of the basilar artery on both sides, with origin of both 
posterior cerebral arteries from the internal carotid stem—11 cases. 
’, Hypoplasia of the divisional branch of the basilar artery on one side, with origin of the posterior 
cerebral artery of the same side from the internal carotid stem—20 cases. 


‘I. Hypoplasia of the first portion of the anterior cerebral artery and of the divisional branch of the 


basilar on the same side with the posterior cerebral artery of that side originating from the in- 
ternal carotid stem—15 cases. 

. Hypoplasia of the first portion of one anterior cerebral artery, and of the divisional branch of the 
basilar on the opposite side, the posterior cerebral artery originating from the internal carotid 
stem on the side of the hypoplastic divisional artery—6 cases. 

. Hypoplasia of the first portion of one anterior cerebral artery, and of the divisional branches of 
the basilar on both sides, both posterior cerebral arteries originating from the internal carotid 
stem—5 cases. 
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Fia. 3. Silhouettes of the cerebral vascular tree in ruptured aneurysm. 
Top row (I-R) 
1. Aneurysm of anterior cerebral at anterior communicating. Anterior Huebner from sac. Hypoplasia 


divisional branch basilar side opposite aneurysm. Posterior cerebral from internal carotid. 

2. Aneurysm terminal bifurcation 2nd portion anterior cerebral. Second aneurysm bifurcation opposite 
middle cerebral artery. Hypoplasia one divisional branch of basilar; posterior cerebral from internal 
carotid. 

. Aneurysm anterior communicating artery. Recurrent artery of Huebner from sac. Extreme hypo- 
plasia first portion one anterior cerebral artery, hypoplasia divisional branch basilar same side; 
posterior cerebral from internal carotid. 

4. Aneurysm of anterior communicating artery. Hypoplasia first portion anterior cerebral and posterior 
communicating artery same side. 

Middle row 

5. Aneurysm bifurcation of middle cerebral. Normally formed circle. 

6. Aneurysm internal carotid distal to posterior communicating. Second aneurysm bifurcation of middle 
cerebral artery same side. Hypoplastic circle of Willis with hypoplasia of divisional branches of 
basilar; posterior cerebral arteries from carotid stem. 

Aneurysm internal carotid artery distal to posterior communicating. Anterior choroidal from sac. 
Hypoplasia divisional branches basilar; posterior cerebral arteries from internal carotid stems. 

8. Aneurysm internal carotid at posterior communicating. Wide-necked sac. Hypoplasia anterior coni- 
municating and posterior communicating artery of one side. Hypoplasia one vertebral artery. 

Bottom row 

9. Two aneurysms of divisional branch basilar, proximal to junction of posterior communicating. No 
mally formed circle. 

10. Large aneurysm of bifurcation of middle cerebral. Aneurysm bifurcation divisional branches basila 
Both divisional branches from sac. Hypoplasia of divisional branches; posterior cerebral arteri 
from internal carotid stem. Hypoplasia anterior communicating. 

. Aneurysm internal carotid proximal to posterior communicating. Aneurysm bifurcation of midd 
cerebral same side. Aneurysm opposite internal carotid, distal to posterior communicating. Anteri: 
choroidal from sac. Normal circle of Willis. 

Wide-necked aneurysm involving internal carotid and posterior communicating. Hypoplasia ai 
terior communicating and one divisional branch basilar; posterior cerebral artery from interp 
carotid stem. 
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the component vessels, reversion to an embryonic stem of origin, or a com- 
bination of these factors. Eight basic patterns could be identified (Figs. 2 
and 3). 

No absolute correlation of aneurysms of a particular location with spe- 
}ic anomalous formation was found although 85 per cent of the 40 aneu- 
» sms of the anterior communicating artery were associated with hypoplasia 

the first portion of one anterior cerebral, and the great majority of the 

eurysms present lay in locations where circulation would be influenced by 
‘al increase of resistance or altered field of supply. 
DISCUSSION 
The results of surgical treatment for intracerebral aneurysms are based 
mittedly on carefully selected cases,! particularly those in which focal 
ns, such as a third nerve palsy, precede any evidence of frank bleeding. 
1e patients in our series represent an unselected cross section from a large 
general hospital and, with the exception of 6 patients, were admitted with 
sizns indicative of intracranial bleeding. All aneurysms were located above 
the level of the sella. Even in selected cases, the best surgical results are 
ovtained when the aneurysm is located at the carotid siphon. Surgical trap- 
ping in our cases would have been obviously dangerous because of the loca- 
tion of the aneurysm in reference to the production of permanent neurologic 
defects such as hemiplegia, and secondly, because of the difficulty in estab- 
lishing adequate collateral circulation in an anomalously formed circle of 
Willis. 

In such cases, a number of factors require thoughtful consideration be- 
fore surgical therapy can be recommended. The general cardiovascular com- 
plications found frequently even in the younger age group are a potential 
source of danger, as is the presence of multiple aneurysms in approximately 
20 per cent of cases.! Concomitant parenchymatous lesions in 94 also limit 
the possibilities of successful surgery since the prognosis is poorer in cases 
accompanied by intracerebral extension than in those in which the hemor- 
rhage is confined to the subarachnoid space.* 


SUMMARY 

The patho-anatomic findings in a series of 143 cases of subarachnoid 
hemorrhage caused by leaking miliary aneurysms have been evaluated in 
relation to the potentialities for successful surgical intervention. All aneu- 
rysms lay above the carotid siphon; 129 originated from the internal carotid 
stems, and 14 from the basivertebral. Multiple aneurysms were present in 
approximately 20 per cent of the cases. Evidence of repeated bleeding, either 
ancient or recent, was present in most cases. Parenchymatous lesions were 
present in 94 cases, but hemorrhage accounted for only 29. Somatic disease, 
chiefly involving the cardiovascular system, complicated many cases. Anom- 
alies of the circle of Willis were extremely common and of such a nature as 
to mitigate against adequate collateral circulation. Careful consideration of 
these factors is necessary in evaluating the potentialities of surgical therapy. 
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represent vestiges of the primitive circulatory system. A series of cases 

illustrating this point with reference to the anterior circle of Willis was 
p esented in an earlier communication.’ A similar consideration of the em- 
b vologic features of the basilar and vertebral systems correlated with the 
fu llowing 6 clinical observations with reference to the posterior Willisian cir- 
cle further illustrates this point. 


}tis general knowledge that most aneurysms of the cerebral circulation 
' 

bt 

san 


CASE REPORTS 

Case 1. L.W. was a 36-year-old white male admitted on Dec. 15, 1951, with a 
6-vear history of hypertension. During this period he had had minor episodes of 
stiff neck associated with nausea, vomiting and occipital headaches. Seven days be- 
fore admission he had onset of sudden severe occipital headache, nausea, vomiting, 
and stiff neck. 

Examination revealed a B.P. of 200/118, pulse rate of 85 and marked nuchal ri- 
gidity without localizing signs. Lumbar puncture revealed grossly bloody spinal 
fluid. 

On Jan. 2, 1952, while resting he became unconscious for 30 minutes and marked 
opisthotonos, headache and stiff neck developed. Four hours Jeter he had sudden 
severe pain in the neck, became unconscious and expired. 

At necropsy an aneurysm 4 mm. in diameter superior to the point of juncture of the 
basilar with the posterior cerebral arteries was disclosed (Fig. 1). The aneurysmal sac 
had perforated the floor of the 3rd ventricle and the point of rupture of the aneurysm 
was within the 3rd ventricle. All ventricles were dilated and contained clotted blood. 
Abundant hemorrhage beneath the inner meninges was present over the medulla and 
pons. 


Case 2. R.R. was a 20-year-old white male admitted on May 18, 1952 with a his- 
tory of having had rheumatic fever at the age of 10. In December 1951 a diagnosis of 
subacute bacterial endocarditis was made when scattered petechial hemorrhages de- 
veloped with associated joint and muscle pain. Five weeks before admission he suf- 
fered a subarachnoid hemorrhage from which recovery was uneventful. On May 6, 
1952 he had a recurrent hemorrhage with a 36-hour period of unconsciousness. The 
spinal fluid was grossly bloody. 

Examination revealed a B.P. of 120/78, a pulse rate of 70 and marked nuchal ri- 
gidity. Tendon reflexes were hyperactive and the corneal reflex was decreased on the 
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Fig. 1. Aneurysm (arrow) above the confluence of the basilar artery with the posterior 
communicating arteries. Case 1. 


right. Soon after admission a dilated right pupil and a right facial palsy developed. 
Respirations became Cheyne-Stokes in character and bradycardia developed. 

Bilateral percutaneous carotid arteriography showed filling only of both distal 
anterior cerebral arteries. Left percutaneous vertebral arteriography revealed an 
aneurysm arising from the right superior cerebellar artery (Fig. 2). 

The lesion was approached by a right temporal-occipital craniotomy and subox 
cipital craniectomy. The lateral sinus was divided and the tentorium was transecte:| 
to the incisura. Firm adhesions were found between the aneurysmal sac and tent: 
rium. A clip was placed on the superior cerebellar artery when the aneurysmal s: 
ruptured. The resultant hemorrhage was fatal. 

Necropsy revealed the proximal remains of an aneurysm arising from the right s: 
pertor cerebellar artery 1 cm. from its origin from the basilar artery. A congenital defe: 
was present in the mitral valve; however, there was no evidence for vegetative hea 
disease. 
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ic. 2. Vertebral angiogram (retouched) showing aneurysm of the right superior cerebellar artery. Case 2. 


Case 3. L.H. was a 49-year-old white female admitted on Sept. 7, 1950 in a semi- 
conscious state. 

Examination revealed a B.P. of 250/100 and a pulse rate of 100, small fixed pu- 
pils, a left central facial palsy and hemiplegia, hypoactive reflexes and marked 
nuchal rigidity. 

The patient expired shortly after admission. 

Autopsy revealed a saccular dilatation of the anterior communicating artery, near the 
junction of the left anterior cerebral and anterior communicating arteries. A recent sub- 
arachnoid hemorrhage extended between the gyri and over the left hemisphere. 
Thick layers of clotted blood obscured the basilar vessels. Jn many areas there was 
duplication of the basilar vessels with as many as four small vessels replacing the usual 
single basilar artery (Fig. 4, No. 3). 


Case 4. S.N. was a 19-year-old white female admitted on Oct. 4, 1950. In July, 
1949 she first experienced vertigo associated with nausea and vomiting. One month 
later she had onset of unsteadiness and inability to maintain balance which progressed 
over a 6-month period when decreased sensation over the right side of the body 
and weakness of the right arm and leg appeared. Three months before admission di- 
plopia, slurring of speech, increasing deafness in the left ear, and almost complete 
paralysis of the right arm and leg were noted. During the last 6 weeks she suffered 
daily headache, nausea and vomiting, the latter being aggravated by change in posi- 
tion. 

Examination revealed a B.P. of 130/80, slurred speech, bilateral papilledema, 
weakness of the left medial rectus, nystagmus in all fields of regard, decreased sen- 
sory-motor function of the right trigeminal nerve, mild right central facial palsy, de- 
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creased hearing on the right, deviation of the uvula to the right, protrusion of th« 
tongue to the left, impairment of all sensory modalities on the right, and a spastic 
right hemiparesis. 

Ventriculography demonstrated symmetrical dilatation of the lateral ventricles 
The posterior 3rd ventricle, aqueduct and 4th ventricle were not visualized. 

On Oct. 11, 1950, a suboccipital craniectomy revealed a large tumor in the left 
cerebellopontine angle. The mass was incised and 25-30 cc. of old blood were evacu- 
ated. 

Postoperatively, respiratory difficulty and hypertension developed and the pa- 
tient expired. 

Necropsy disclosed a greatly enlarged pons. The basilar artery was in the midline 
and the cranial nerves left the pons and medulla in normal fashion. Upon section, 
most of the pons was replaced by a circumscribed hemorrhagic mass 3 X 4em. extend- 
ing its entire length. The lesion was more on the left than on the right, although it did 
extend into the right side (Fig. 4, No. 4). The gray and white matter at the ventral 
margin of the lesion showed normal pontine configuration. Microscopic section re- 
vealed an aneurysm composed of a thin connective-tissue wall surrounded by multiple 
malformed vascular channels. The surrounding pons showed a combination of hemor- 
rhagic and ischemic liquefaction necrosis. 


Case 5. W.B. was a 46-year-old male admitted on Feb. 28, 1949. For 1 year he had 
had generalized headaches. Three days before admission severe occipital headache de- 
veloped, followed by stiff neck. Two days before admission he had a severe general- 
ized convulsion and became comatose. 

Examination revealed a B.P. of 165/98 and a pulse rate of 82. He was comatose, 
but responded to painful stimuli with spontaneous movements of the arms. Nuchal 
rigidity was present. The pupils were round and equal and reacted to light. There 
was an incomplete right 3rd nerve palsy. He had bilateral papilledema with severe 
hemorrhagic retinopathy and a bilateral extensor plantar response. Lumbar punc- 
ture revealed a pressure above 550 mm. of water. The fluid was grossly bloody. 

The patient expired shortly following admission. 

Necropsy disclosed a large right vertebral arterial aneurysm approximately 2 em. 
proximal to the junction of the right and left vertebral arteries to form the basilar artery 
(Fig. 4, No. 5). This aneurysm measured 1 X 0.5 cm. witha point of rupture approx- 
imately 8 mm. in length. The entire base of the skull was filled with fresh blood in the 
subdural space. The ventral surface of the brain revealed a marked degree of suba- 
rachnoid hemorrhage, particularly in the cisternae pontis and interpeduncularis. The 
usual anatomical pattern of the circle of Willis was noted back to the point where the 
basilar artery joined the two posterior communicating arteries. From this point cau- 
dad, the basilar artery swung widely tothe right margin of the pons and again returned to 
the midline at the vertebral confluence. The left pontine arteries were much larger than 
the right and traversed the pons to enter that structure along the left border. The 
right pontine arteries were relatively short and appeared to extend directly from the 
basilar artery into the right side of the pons. 


1950, when severe right frontal headache suddenly developed. She went to bed for 2 
hours and when she arose her gait was unsteady and she staggered as she walked. On 
looking into a mirror she noted that her right eyelid drooped and that her mouth was 
out of shape. She was unable to drink water. She returned to bed and slept until the 


Case 6. L.D. was a 34-year-old colored female who had been well until July 2 
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next morning. Upon attempting to walk the patient noticed that her gait was 
till unsteady and that everything seemed to whirl in front of her. 

The B.P. was 120/80, pulse rate 80 and respiratory rate 20. There was severe 
ystagmus in all fields of regard, with ptosis of the right eyelid. Pupils were small, 
xed, and unequal, the left being the larger. There was hyperesthesia over the right 
ide of the face, and the right corneal reflex was absent. A peripheral facial palsy was 
resent on the right with taste diminished on the right. There was mild weakness in 
imning of the head to the left and marked deviation of the protruded tongue to the 
ght. Superficial pain was decreased over the left half of the body. The finger to nose 
‘st was performed poorly on the right. The patient walked only with assistance in a 
ery ataxic fashion. Sweating was absent over the left half of the body. Meningeal 
gns were absent. Blood serology was normal; she refused lumbar puncture. 

During her hospitalization there was progressive improvement and at the time of 
er discharge on July 29, 1950, only minimal residuals remained. 

The patient was seen on several occasions in the out-patient clinic, showing im- 
rovement with each visit. She was last seen on Jan. 29, 1952, and was walking with- 
ut difficulty. The corneal reflex was absent on the right and a residual numbness 
as present on the right side of her face. The numbness of the left side of the body 
vas not apparent. 

On March 3, 1952, she was found unconscious in her bed. She had been re-admit- 
ed to the hospital because of headache and pain in her legs which had been present 

for several days. 

Examination revealed a B.P. of 85/70, pulse rate of 120, and respiratory rate of 

34. The eyes were rotated down and out. There were numerous superficial retinal 





Fic. 3. Three serial globular aneurysms of the right vertebral artery with the hypoglossal nerve 
exiting at the most rostral border (upper arrow) and a single aneurysm (lower arrow) of the anterior 
spinal artery. 
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hemorrhages and subhyaloid hemorrhages bilaterally. The left pupil was larger tha 
the right. Nuchal rigidity and marked rigidity of all muscles were present. Spin: 
fluid pressure measured 25 mm. of water and was grossly bloody. 

The patient remained unconscious until death on Mar. 31, 1952. 

Necropsy revealed three serial globular aneurysms of the right vertebral artery, wit! 
the hypoglossal nerve exiting at its most rostral border (Fig. 3). A single aneurys: 
was found on the anterior spinal artery near its junction with the left vertebral artery. 

DISCUSSION 

Padget’s’ description of the normal development of the cranial arterie~ 
in the human embryo makes more comprehensible these anomalies of the 
adult cerebral vascular tree. Her studies have shown that in the 4 mm. 
embryo the internal carotid artery produces a posterior division (later re- 
maining as the posterior communicating artery) which joins the two longi- 
tudinal neural arteries ventral to the neural tube. As early as the 4 mm. 
stage in development, the emergence of the bilateral longitudinal neural 
arteries precedes the formation of the basilar artery. These long vessels be- 











Fic. 4. Diagram of the normal adult arterial pattern with the anomalies discussed superimposed 
(shaded) and identified by case numbers. 
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come one by capillary fusion during the 5-8 mm. stage. As growth proceeds 
he islands of primitive circulatory channels formed in this fashion disappear, 
eaving the fused midline basilar artery as seen in the more mature embryo. 
‘rror in normal fusion and absorption of the bilateral neural arteries at this 
arly stage in development therefore may result in the residual aneurysm 
‘en at the juncture of the basilar artery with the posterior cerebral arteries 
Figs. 4-5). An exactly similar defect was described in a human embryo of 


2 weeks by Bremer.” 

Some break in rhythm of the 
ormal dynamies responsible for de- 
elopment of a single basilar artery 
an similarly account for the multi- 
le basilar arterial channels seen in 
‘ase 3 and the laterally placed bas- 
iar artery in Case 5 which repre- 
ents a perpetuation of the embry- 
mie right longitudinal neural 
irterv. The superior cerebellar ar- 
ery emerges from the cranial end 
if the embryonic basilar artery in 
the 9 mm. stage of development. 
Failure of absorption of primitive 
circulatory components forming the 
cephalad portion of the basilar ar- 
terv might therefore account for 
the aneurysm of the superior cere- 
bellar artery in Case 2. 

During the 4-5 mm. stage the 
bilateral longitudinal neural arteries 
are reinforced by remnants of two 
highly transitory — presegmental 
branches of the paired aortae, 
namely, the primitive otic artery, 
at the level of the acoustic nerve 
and the otocyst, and the primitive 
hypoglossal artery, in the region of 
the 12th nerve. Embryonic residuals 
of this latter vessel on the longi- 
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Fic. 5. Composite diagrammatic reconstruc- 
tion of the circulation of 4 mm., 5.3 mm., 5.5 mm., 
9 mm., and 12.5 mm. embryos (after Padget) with 
sources for the lesions discussed identified by numer- 
als corresponding to each case. 


tudinal artery (which later forms the vertebral artery) could account for the 


aneurysm demonstrated in Case 5. 


This explanation for the aneurysmal lesion seen in Case 4 is more diffi- 
cult as it arose in close proximity to the site of the former otic artery 
where the lateral branches of the bilateral longitudinal neural artery join 
the primitive lateral basilar-vertebral anastomosis. This lateral channel par- 


alleling the bilateral longitudinal neural artery is fed by lateral branches of 
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the basilar artery and caudally by the first cervical segmental vessels anc 
constitutes an accessory basilovertebral anastomosis during the formatioi 
of the vertebral artery from the upper cervical segmental arteries. 

A more acceptable explanation on the basis of frequency of occurrence: 
is that this lesion represents a residual of the primitive trigeminal artery 
which, according to Padget,‘ is more apt to persist. Errors in resorption o} 
these primitive channels with retention of remnants of this lateral basilar 
vertebral anastomosis may be interpreted as the mechanism for the develop- 
ment of the serial aneurysmal dilatations seen in Case 6. Medial to the de 
veloping vertebral artery, the originally paired bilateral longitudinal channels 
form the adult anterior spinal artery. The single aneurysm of the anterior 
spinal artery in Case 6 must therefore represent an error in fusion and ab- 
sorption of these primitive channels. 

SUMMARY 

Six cases presenting aneurysmal residuals and abnormal vascular pat- 
terns of the posterior circle of Willis are presented with a brief discussion of 
the embryologic factors concerned in the development of this structure as an 
interpretation of the origin of the pathologic anatomy. 
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N A previous communication® we discussed the subject of induced hypo- 
tension for surgical operations, and in particular as it affects the field of 
neurosurgery. We placed special emphasis on the methonium compounds 
hich then represented the latest means of obtaining a lowered blood pres- 
ure during surgical operations. We pointed out in our paper the advantages 
f this method over previous attempts at controlled hypotension, but we also 
nentioned the definite limitations and disadvantages of the methonium 
compounds. Among these are the large individual variations in response to 
ihe drug and in the amount of the drug that is required, the uncertainty of 
obtaining adequate hypotension with the agent, and the occasional occur- 
rence of marked diminution of response to subsequent doses. Also, hypoten- 
sion tends to be fixed at a certain level rather than be flexible in response to 
variations in the dose. In essence then, the limitations of the methonium 
drugs consist in a certain unpredictability of action. In addition, once ade- 
quate hypotension is obtained, it can be reversed only either by elimination 
or destruction of the drug, or the hypotension may be counteracted by a 
vasopressor. Further hypotension then becomes practically impossible until 
the effect of the vasopressor has been dissipated. The elimination or destruc- 
tion of the drug requires time, and even if the blood pressure returns to 
normal levels, patients remain vasolabile for a period of hours up to two 
days. Nevertheless the methonium drugs have their uses, although they are 
not the perfect solution to the problem of controlled hypotension for surgical 
procedures. Any agent that is capable of altering blood pressure gradually 
to any desired level and that would permit this level to be altered both in 
an upward and downward direction on a minute-to-minute basis would rep- 
resent a decided advantage over the methonium compounds. Such an agent 
seems to be available in “Arfonad”’ (RO 2-2222). It has been used by us in 
62 cases with satisfactory results in most instances. 
* Supplies of Arfonad (RO 2-2222) have been generously donated by Hoffmann-LaRoche, Inc. 
through the courtesy of E. L. Sevringhaus, M.D. and M. J. Schiffrin, Ph.D. 
Published with approval of the Chief Medical Director, Veterans Administration. Statements and 
conclusions published by the authors are the result of their own studies and do not necessarily reflect 
the opinion or policy of the Veterans Administration. 
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PHARMACOLOGY 
Arfonad is a thiophanium derivative with the formula:—d-3,4(1’,3’ 

dibenzyl-2’-keto-imidazolido)-1,2-trimethylene thiophanium —d-campho 
sulphonate. The structural formula is: 
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It is capable of reducing arterial blood pressure in anesthetized animals and 
in man. The hypotension is in part produced by sympathetic ganglionic 
blockade which causes metarteriolar dilatation. The part played by reduced 
sardiae output and possibly by other mechanisms is as yet undetermined. 
Vasodilatation is responsible for pooling of blood in the periphery of the 
body, and this in turn causes reduction of venous return to the heart and 
consequently decrease of cardiac output. The vasodilatation also causes 
marked diminution of peripheral resistance, and this decreased resistance 
far outweighs the reduction in cardiac output; in consequence the over-all 
workload of the heart is reduced. This fact first led to the use of Arfonad in 
the treatment of pulmonary edema of cardiac origin by Sarnoff and Goodale, 
who also reported on its use for hypotension in four neurosurgical proce- 
dures.° 

According to Randall, Peterson and Lehmann? the acute toxicity of 
Arfonad varies greatly with the route of administration and the species of 
animals employed. Ephedrine, epinephrine, and similar vasopressors will 
abolish the vasodepressor effects of Arfonad; Arfonad is ineffective on arte- 
rial pressure during the pressor response to these drugs. In dogs, but not in 
man, histamine release has been demonstrated after the administration of 
Arfonad.! 

There is suggestive evidence that sympathetic ganglionic blockade is 
only one of the factors involved in the production of hypotension with 
Arfonad. Although no histamine release has as yet been demonstrated in 
man, it is conceivable that this may be one of the other mechanisms. From 
work carried out on ourselves and on volunteers‘ we have been able to draw 
the following conclusions: After administration of the drug to conscious. 





CONTROLLED HYPOTENSION WITH ARFONAD 145 


npremedicated man, a slight fall in blood pressure is produced which tends 
: level off to a plateau where the pressure persists, despite further admin- 
i. tration of Arfonad in rather large doses. This level is in the neighborhood of 
)mm. Hg systolic in the conscious individual with normal blood pressure. 
‘his fact may indicate that the autonomic blockade is not complete. After 
ministration of the drug conscious individuals lose their normal vasomotor 
sponses and are unable to compensate for changes in position. Thus, when 
e head is elevated, a further fall of blood pressure can be obtained which 
\ ill again level off to a plateau despite the administration of more Arfonad. 
hese persons respond to oxygen deficiency with a tachycardia and to an 
cess of carbon dioxide with hyperpnea and a tendency of the blood pres- 
- ire to rise again. In the unanesthetized human being the venous pressure 
mains essentially unchanged, as do electrocardiographie and electroen- 
phalographic tracings. Plethysmographic recordings demonstrate an in- 
ease in peripheral pulse volume, as would be expected from the arteriolar 
ilatation that the drug produces. Ballistographiec studies of cardiac output 
| dicate that the stroke volume of the heart is reduced by 5 to 10 c. mm. The 
\inute volume is not markedly altered because of compensatory changes in 
ardiac rate. These studies are still in progress and our conclusions, although 
-uggestive, are not definite. 

Clinically, in the anesthetized patient, any degree of hypotension can be 
produced. With extreme hypotension the venous pressure tends to fall, 
otherwise it remains near normal, and venous bleeding will continue, the 
degree depending upon the posture of the patient and the dependency of the 
bleeding point. Despite normal venous pressure, engorgement or dilatation 
of peripheral veins is often present. There is no direct relation between these 
two factors, as a greater degree of relaxation of a vein renders it more prom- 
inent, while the actual pressure within the vein, as measured manometri- 
cally, may remain essentially unchanged. The fall of blood pressure develops 
slowly over a matter of minutes and is readily controllable. It reverses itself 
when the administration of Arfonad is slowed or discontinued. There is thus 
a minute-to-minute controllability of the degree of hypotension. However, 
there still remains a marked difference in the dose required by different pa- 
tients. Also, the more profound the anesthesia, the smaller the dose of 
Arfonad that will be needed. Clinically, we have observed no side-action that 
caused alarm; occasionally an atropine-like effect can be observed, as indi- 
cated by mydriasis, a flushing of the skin, conjunctival injection, and a dry 
mouth. Nothing is known to date regarding the fate of Arfonad in the body 
nor of its avenue of elimination. The rapidity with which the effect of the 
drug disappears, however, would suggest that it is metabolized in the body. 


CLINICAL APPLICATION 


Arfonad is administered as an intravenous injection in a 0.1 per cent 
solution in 5 per cent dextrose in water. A separate injection is used for this 
purpose, so that blood and fluid replacement will not interfere with the main- 
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tenance of the hypotensive state. Administration of Arfonad is started b 
fore the incision is made at an approximate rate of 40 to 60 drops per minut: 
In this manner it is possible to slowly lower the pressure over a period of 1 
to 15 minutes. This is most desirable because .he cardiovascular system i 
enabled to gradually re-establish an equilibrium between venous return an 
cardiac output. Thereafter the rate is adjusted in such a way that satisfactor 
conditions for the operation obtain. We have no preconceived idea as to th 
blood pressure level to be attained. Each patient responds in a different wa: 
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A: Topical to larynx, cocaine 10% 1|.5cc. 
B: Induction: Thiopental 05% C:DTC 7 1/2 mgm. 
Di Intubation €£.: Local infiltration of scalp with 
Procaine | 144% Epinephrine 35cc. 
TOTALS: 


Thiopental 125 gm. Arfonad 175 mgm. Blood 500cc. 
5% D/W per 1200 cc. 


Fic. 1. Removal of meningioma from sphenoid ridge. Early pressure response to local infiltration of 
scalp (E). Good hypotension obtained with pulse rate at 80 throughout period of lowered blood pressure. 
Note prompt rise of blood pressure during short discontinuance of injection at 9:45 a.m. and new fall 
when Arfonad administration was resumed. Only 500 cc. of blood required during entire operation. 
(DTC=d-tubocurarine chloride; S=systolic arterial pressure; D=diastolic pressure; P=pulse rate; 
R=respiratory rate.) 
to different amounts of the drug. In normotensive patients a systolic blood 
pressure of 70 to 80 mm. Hg would seem a safe level from which to start. 
Thereafter we are guided by the need of the surgeon for more or less hypo- 
tension. Blood pressure is kept at the highest level compatible with the sur- 
gical maneuver at hand at any particular moment. This is possible because 
changes in blood presssure, when required, can be effected rapidly by simply 
altering the rate of flow of the Arfonad injection. There is usually a critica! 
level of blood pressure above which bleeding is almost normal; this critica 
point is often well below the normal arterial pressure. 

The safe level for hypotension must be assessed for each individual pa 
tient. A blood pressure reading that is safe for one may not be safe for an 
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other. By the same token, operating conditions may be good in one case, 
ior in the other, despite identical blood pressure levels. The patient must 
» watched closely throughout the procedure for such signs of danger as 
ichycardia, airhunger, perspiration, increased capillary refill time, pallor, 
nous constriction, and other signs of incipient peripheral circulatory fail- 
e. Ideally, blood should be replaced as it is lost. However, in many cases 
nen the operation is performed under controlled hypotension, the blood 
ss is minimal, so that it is safe to maintain the circulating volume with 
ystalloid solutions. One must always bear in mind that individuals who 
ive been rendered hypotensive in this fashion are particularly vulnerable to 
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A: Induction: Thiopental 25% O5gm. DMC 7 mgm. 
B: Intubation: C: Cuff inflated D:Carotid artery 
manipulated E: Aneurysm clipped 


TOTAL 
Thiopental 1.2 gm. Arfonad 200 mgm. 5%D/W 1500 cc. 


Fic. 2. Ligation of anterior cerebral artery. Good hypotension with marked narrowing of pulse pres- 
sure and unchanged pulse rate. (DMC =dimethyl-tubocurarine iodide.) 


any considerable loss of blood. Their mechanisms of compensation for blood 
loss have been impaired. The effects of such loss may, therefore, be greatly 
exaggerated as compared with normal individuals. 

As has been stressed in our previous paper, we keep our patients horizon- 
tal and do not elevate the head lest dangerous cerebral ischemia develop. We 
are aware that some others who use induced hypotension do not regard this 
precaution as essential. The blood pressure is allowed to return to normal 
levels slowly, by discontinuing the Arfonad gradually, before the wound is 
closed. Such a reversal of hypotension takes place spontaneously in most 
“ases in a matter of minutes after the injection of Arfonad has been decreased 
or discontinued. It is important that hemostasis with a normal arterial ten- 
sion be assured before the wound is closed. Should vasopressors be indicated, 
the dose of such vasopressors must be kept extremely small. The usual doses 
may cause a dangerous rise of blood pressure. 
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Occlusion Anterior Cerebral Artery 
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A:DMC 6mgm _ B: Induction: Thiopental 25% 0.5 gm. 
C: Intubation D' Artery clipped : Closure started 
TOTALS 
Thiopental O.5gm. Arfonad 300 mgm. 5% D/W |600cc. 
Fig. 3. Occlusion of anterior cerebral artery. Slow rise of blood pressure in response to gradual diminu- 
tion of rate of injection of Arfonad. Clipping of artery is not attended by a pressure response, because of 


somewhat greater depth of anesthesia (nitrous oxide-trichloroethylene), as compared with that in Fig. 
2. (TCE =trichloroethylene.) 


INDICATIONS AND CONTRA-INDICATIONS 

Arfonad is used whenever any of the other forms of induced hypotension 
would be indicated, particularly in patients with intracranial aneurysms, 
arteriovenous anomalies or very vascular tumors. Exposure is often im- 
proved during hypotension which renders the brain less voluminous and 
more compressible, although this fact of itself is not sufficient indication for 
the use of any form of induced hypotension. 

Contra-indications are also similar to those for the methonium com- 
pounds. They include severe liver disease, arteriosclerosis, degenerative or 
vascular heart disease, shock, and inadequate blood volume from any cause. 
It must also be clearly understood that Arfonad is still in the investigative 
stage. 

COMPLICATIONS 

Three patients had postoperative complications for which the hypoten- 
sive technique may or may not have been responsible or in which it may 
have been a contributing factor. 


Case 1. Right frontal craniotomy, subtemporal decompression and biopsy of 1 
tracranial tumor in a 43-year-old male under thiopental (sodium pentothal*)-1 
trous oxide anesthesia. He expired the following day without having regained co 
sciousness. Autopsy showed hemorrhage into the tumor site. This was one of t! 
earlier cases in the series, and the Arfonad infusion was not discontinued until t! 
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‘nd of the operation. If the blood pressure had been allowed to rise before the wound 

-as closed, it is possible that this complication may have been avoided. The surgeons 
‘re of the opinion that the outcome in this case was not related to hypotensive 
iesthesia. 


a a a 


Case 2. Hemiglossectomy, mandiblectomy, and radial neck dissection in a 59- 
ar-old male under Rapital*®-cyclopropane-ether-nitrous oxide sequence. Hypo- 
nsion was induced for 25 minutes during this 3-hour operation. Exactly 24 hours 
ter conclusion of the operation, the patient suffered a cerebrovascular accident 
th engorgement of the eyegrounds and aphasia. His condition improved and he 
is eventually discharged from the hospital. Although the hypotension may have 
‘en a contributing factor in this case, it should be noted that the operation included 
e ligation of the external carotid artery and all jugular veins on the side of opera- 
m, and that the very extensive dissection included the opening of numerous and 
rge vascular channels. 


Case 3. Excision of large tumor from left side of neck in a 36-year-old male under 
‘iopental-nitrous oxide anesthesia. Liver failure developed postoperatively, but 
ie patient eventually recovered. Tests prior to operation showed marked impair- 

1 ent of liver function, but these reports were not available in his chart at the time of 
«peration. Had these findings been known, hypotension would not have been used. 
‘his case was clearly one in which induced hypotension should not have been used. 


In Cases 1 and 3 an error of judgment was committed, although it seems 
doubtful that hypotension was a major factor in the causation of the com- 
plication. In Case 2 it is possible that the hypotension was a factor, although 
(the site and extent of operation may have been the real causes. None of these 
patients was operated upon by any of the present authors. 


DISCUSSION AND CONCLUSIONS 


Arfonad, in our opinion, is a decided improvement over the methonium 
compounds, in that it allows for a slow and gradual lowering of blood pres- 
sure as well as minute-to-minute control. It is therefore possible to adjust 
the degree of hypotension to the need of the surgeon from one moment to 
the next. This type of hypotension is thus truly “controlled,” as opposed to 
the previously described methods. 

This is not a technique for the novice or occasional anesthetist ; neither is 
the method recommended for indiscriminate use. The agent is still in the 
experimental stage and indications should therefore be limited to operations 
in which the patient will decidedly benefit from it; either those procedures 
that could not be done without it, or when the dangers would be much 
greater in operating with normal blood pressure than under controlled hypo- 
tension. 

It is our personal impression and that of the surgeons who have operated 
on patients under controlled hypotension, that these patients are in a far 
better general condition after the operation than one would expect after a 
similar operation without it. A much larger clinical experience and more de- 
tailed pharmacological data in man are needed before it will be possible to 
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assign to Arfonad a permanent place and to determine the exact indicatioi . 
for its use. 
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gically verified transventricular wounds of the brain treated at Tokyo 

Army Hospital from September 1950 through March 1952.¢ The over- 
« | mortality rate was 10.47 per cent. The value of early definitive neuro- 
s rgery is brought out by a comparison of the operative results before and 
« ter the establishment of an organized neurosurgical team in Korea in Feb- 
riary 1951 


; [ic report is based on 105 consecutive Korean battle casualties of sur- 


DEFINITION AND DIAGNOSIS 

Wounds of the ventricle in this series were produced by missiles or foreign 
Lodies passing through or into the ventricular system. Actual visualization 
ol the opening into the ventricle at surgery was the basis for diagnosis. 
‘here was no definite clinical syndrome characteristic of transventricular 
wounds even though most of the patients had high temperatures and stiff 
necks. The physical findings depended upon the area of the brain involved. 
A diagnosis of ventricular penetration was suspected when x-ray films 


showed evidence of the missile canal, outlined by bone fragments, passing 
through the position normally occupied by the ventricles. The lateral ventri- 
cles were most frequently involved, accounting for all cases except 3 in which 
the 3rd ventricle was penetrated. There were no cases of penetration of the 
4th ventricle. 


NEUROSURGICAL ORGANIZATION 

Before going into the statistical analyses of these cases, it is advisable to 
give a picture of the over-all neurosurgical organization in the Army during 
the progressive stages of the Korean campaign covered in this report. During 
July and August 1950 no accurate records were kept. From September 
1950—-February 1951, the Neurosurgical Service at Tokyo Army Hospital 
was the only Army Neurosurgical Center in the Far East Command. In 
February 1951, a neurosurgical team was established in Korea and func- 

* Presented at the sixth annual meeting of the Southern Neurosurgical Society, Baltimore, Mary- 
land, January 29, 1954. 

+ Present address: Brain Tumor Registry, Yale University School of Medicine, New Haven, Con- 
necticut. 

t The following officers were associated with the author in the care of the casualties on which this 
report is based: Lt. Col. Arnold M. Meirowsky, M.C., Neurosurgical Consultant, Far East Command, 
Samuel W. Atkins, Joseph C. Barnett, Edward J. Bishop, Robert A. Clark, Philip R. Dodge, Griffith 
R. Harsh III, George J. Hayes, Milan Leavens, John B. Moyer, Jose Ninecurt, Richard R. Patterson, 
and Paul R. Rosenbluth. 
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tioned at the level of an Evacuation Hospital. With the arrival of addition. | 
personnel, a mobile neurosurgical team was established in Korea in Octob 
1951 at the level of a Mobile Army Surgical Hospital. From September 19.) 
the entire personnel was under the direction of Lt. Col. A.M. Meirowsky 
Neurosurgical Consultant of the Far East Command. All doctors receive. | 
an initial period of instruction at the Center at Tokyo Army Hospital. Rec - 
ords of all patients evacuated from the neurosurgical teams in Korea an! 
of all patients admitted to the Tokvo Army Hospital Center were maintained. 
From the onset the Center served as the second echelon of treatment. Ai|| 
Army neurosurgical casualties, many Marines, Air Force, and United Na- 
tions personnel were included in the series. The fact that this report is base« 
mostly on the results of the second echelon of treatment no doubt contributes 
to our low mortality rate. For this, allowance must be given. As the late Sir 
Hugh Cairns® stated, ““The farther from the front the better the mortality 
statistics.” 
STATISTICAL ANALYSIS 

The 105 consecutive casualties here reported were treated on the Neuro- 
surgical Service, Tokyo Army Hospital, during the period of September 1950 
through March 1952. Only 10 of these patients with transventricular wounds 
had not undergone prior surgery. Before the establishment of a neurosurgical! 
team in Korea in February 1951, the majority of the patients were operated 
upon at various installations in Korea and Japan, frequently without the 
benefit of a neurosurgeon. The value of early definitive neurosurgery was 


TABLE 1 


N Initial 
‘NO Surg. or Over-all 


-s 
Frer peop. Mortality 
Surgery TAH 


Infected on 
Admission 


Group I: Sept. 50-Feb. 51 3° 17 (58%) 9 § 8 (25.00%) 


Group II: Mar. 51-Mar. 52 ‘ 11 (15%) 1 22 3 (4.11%) 
Total 28 (26.6%) 10 &3 11 (10.47%) 


again demonstrated. As Eden‘ aptly put it, ““The surgeon who first operates 
on an open brain wound, makes or mars it. There is no first aid operation. 
Ideally the initial operation should be the final and complete one. Failure to 
obtain primary closure or inadequate removal of indriven bone fragment 

frequently spelled a vicious circle of cerebral fungus, brain abscess and men 

ingitis.”” 

In 17 (53 per cent) of the 32 patients admitted to Tokyo Army Hospita 
prior to the establishment of an Army neurosurgical team in Korea (Grouj 
I, Table 1), there was evidence of meningitis or brain abscess. Of the 32 pa 
tients, 31 required reoperation for the causes shown in Table 2. 

Of the 73 patients admitted from March 1951 to March 1952 (Group I 
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TABLE 2 


Indication for Surgery —TAH Group I Group II 


Retained bone fragments 
Brain abscess—requiring open treatment 
Cerebral fungus present on admission 
CSF fistula at site of wound closure 
Persistent neurological deficit 
Subcortical clots 
Large metallic foreign body—mobile 
No prior surgery 

Total 


‘| ible 1), 51 did not require any further surgery. The remaining 22 were re- 
o erated on for the causes shown in Table 2. 

A comparison of the two groups shows that the incidence of infection and 
tie rate of mortality declined sharply after the establishment of a trained 
n urosurgical team near the Korean battle line, even though there were sev- 
eal patients with transventricular wounds eventually evacuated to Japan 
who had received initial treatment at installations other than the Army 
neurosurgical team. The incidence of infection at time of admission to 
Tokyo Army Hospital dropped from 53 per cent in Group I to 15 per cent 
i Group II. The over-all mortality in Group I, before the establishment 
oi the team, was 25.0 per cent, and in Group II it was 4.11 per cent. This 
marked difference was no doubt the result of early definitive debridement 
(Table 3), adequate antibiotic therapy, and vigorous postoperative man- 
agement with early removal of retained bone fragments to prevent abscess 
formation. It has been shown that, as in infections in other parts of the 
body, the earlier the initial complete debridement, the lower the post- 
operative infection rate.’:! Penicillin and streptomycin were used rou- 
tinely in practically all cases in Korea. Culture and sensitivity tests became 
readily available at Tokyo Army Hospital in January 1951. It was then pos- 
sible to identify within a 24-36 hour period the type of organism involved 
and to administer the specific antibiotic indicated. Practically all patients 
who were infected on admission to Tokyo Army Hospital had organisms 


TABLE 3 


Time Lag from Injury to 


No. Cases 2 
Surgery (Average) 


50-Feb. 51 39 44.1 hours 

Group II: Mar. 51—Mar. 52 ‘ 24.6 hours* 
Total 30.7 hours 
Shortest 3 hours 


Longest 15 days 


* The majority of operations at the mobile teams were performed within 12 hours of injury. How- 
ever, because of the tactical situation, a few patients were delayed in evacuation to the teams, bringing 
up the over-all average. 
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that were resistant to penicillin and streptomycin. The availability of aure )- 
mycin, terramycin, and chloromycetin, no doubt, saved many patients wi' h 
ventriculitis and meningitis who would have died. The goal of a high pc »- 
centage of recoveries from penetrating wounds of the brain as anticipated |. 
Cushing® in 1918, with early definitive surgery and appropriate antibiotics, 
is now within the realm of achievement. 

TREATMENT 

An over-all analysis of over 600 consecutive penetrating wounds of the 
brain treated during the same period of this report, showed that the patienis 
with ventricular wounds were the sickest and carried the highest mortality 
incidence. This fact has been brought out in previous reports by Cushing,’ 
Schwartz,”°:*! Haynes!?" and others.!:16.” 

Pre-operative. The pre-operative management of penetrating wounds of 
the head has been adequately described elsewhere and will not be detailed 
here. Emphasis again must be placed upon the importance of pre-operative 
x-rays, preferably stereoscopic views, with accurate localization of intra- 
cranial bone fragments and foreign bodies. However, with present field 
equipment requiring long exposure time, this was practically impossible at 
the advance units. 

Operative. The principles of radical debridement of the brain with re- 
moval of devitalized cerebral tissue, clots, bone fragments, pieces of helmet 
lining, hair, dirt, ete., have been all established.!:+:°::167!-3 The metallic 
foreign body (missile) is removed, if it can be readily reached without 
further destruction of vital areas of the brain. Superficial metallic fragments 
near the cortical surface of the brain at a site distant to the point of penetra- 
tion are occasionally associated with hematoma. In this series there has been 
only 1 case of complication resulting from a retained metallic foreign body. 
This was quite large and moved about within the missile canal, causing 
further brain damage. It was subsequently removed. 

The open method of debridement through an adequate craniectomy with 
direct visualization of the missile tract as used by Schwartz," Webster,” 
and others, was the method used in this series. Pentothal sodium induction 
with endotracheal nitrous oxide-oxygen anesthesia was employed routinely 
in this series. There were no deaths or complications from the anesthesia, 
which was maintained in a light plane. The scalp, muscles, and pericranium 
were adequately debrided. It was necessary to perform a craniectomy of 
such size as to allow for debridement of the dura mater and superficial corti- 
cal tissue as well as visualization of the missile canal. A craniectomy of 4-5 
cm. in diameter was usually found to be the minimum that could be used. 
Silver clips were the method of choice for obtaining hemostasis of cortic:! 
vessels. The cautery was used sparingly, as it was felt that otherwise mor: 
extensive thrombosis and necrosis resulted. No unusual foreign body reactio 
was noted about the silver clips in patients subsequently re-operated upo) . 
The softened walls of the missile canal were removed by suction. The can: 
was inspected with a Frazier lighted retractor and gently palpated for fo 
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TABLE 4A 


Bacteriological survey with culture and sensitivity reports prior to establishing 


neurosurgical team in Korea 


September 1950-February 1951 





Source of 


Name : 
oan Culture 


Brain fungus 
Brain abscess 
Brain abscess 
Spinal fluid 


Spinal fluid 
Brain abscess 


Spinal fluid 
Brain abscess 
Brain abscess 
Spinal fluid 
Fungus 


Spinal fluid 
Epidural 
Brain abscess 
Flap tap 
Spinal fluid 
Spinal fluid 
Spinal fluid 


Flap tap 


Brain abscess 


Spinal fluid 
Brain abscess 
Subgaleal 
Subgaleal 


Brain 


Spinal fluid 


Epidural 
Spinal fluid 
Brain 


Subgaleal 
Brain abscess 


Spinal fluid 


Organism 


No record 

No record 

Pseudomonas aeruginosa 
Clostridium perfringens 
Clostridium putrificum 
Clostridium tetani 
Pseudomonas aeruginosa 
Aerobacter aerogenes 
Hemolytic streptococcus 
Escherichia coli 

+ cocci on smear 

+ cocci on smear 
Staphylococcus 

Sterile 

Hemolytic staphylococcus 
Pseudomonas aeruginosa 
Alealigenes faecalis 
Hemolytic staphylococcus 
Hemolytic staphylococcus 
Hemolytic staphylococcus 
Hemolytic staphylococcus 
Hemolytic staphylococcus 
Pseudomonas aeruginosa 
Hemolytic streptococcus 
Hemolytic staphylococcus 
Alcaligenes faecalis 
Pseudomonas aeruginosa 
Gram-+cocci in pair and 
short chain on smear, ster- 
ile culture 

Pseudomonas aeruginosa 
Pseudomonas aeruginosa 
Pseudomonas aeruginosa 
Hemolytic staphylococcus 
Gamma streptococcus 
Gamma streptococcus 


Unknown 
Unknown 
Unknown 


Unknown 


0 
2 


? 


0 
2 


Unknown 


U 


0 


Nonhemolytic staphylococcus [ 


Bacillus subtilis 

Gamma streptococcus 
Hemolytic staphylococcus 
Alealigenes faecalis 
Aerobacter aerogenes 
Alpha streptococcus 
Hemolytic staphylococcus 
Hemolytic staphylococcus 
Bacillus subtilis 
Hemolytic staphylococcus 
Hemolytic staphylococcus 


I 
l 
0 
0 
0 
0 
aa 
0 
+ 
0 
0 


nknown 


Tnknown 


Tnknown 
Tnknown 

0 

0 

0 

0 

a 

0 

oo 

es 

as 


Sensitivity 


A++++++eoce 


+++# 


+4+++4+4+4+4++ 


+++++eoott+ 


Pen Strep Chloro Aureo Terr 


=+ 


Re- 
covery 


as 


0 


tf 


| +++++++ 





Pen= Penicillin 
Strep=Streptomycin 
Chloro = Chloromycetin 


Aureo= Aureomycin 
lerr=Terramycin 
sl.=slight 
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TABLE 4B 


Bacteriological survey with culture and sensitivity reports after establishing 
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ese. Source of 
Name Culture 
L. B24. Subgaleal 
Pus from brain 
Spinal fluid 
2, L.H. — Spinal fluid 
Subdural 
granuloma 
3. D.M. Spinal fluid 
Flap tap 
4, NN Spinal fluid 
& AS Flap tap 
Spinal fluid 
6. W-.R. Spinal fluid 
Brain fungus 
7. Q.H. Right ventricle 
8. A.M. Flap tap 
Spinal fluid 
9. W.W. Brain and 
ventricle 
Spinal fluid 
nO. VS. Extradural 
Brain 
Spinal fluid 
MH. &F, Extradural 


Spinal fluid 
Brain abscess 








Pen= Penicillin 


neurosurgical team in Korea 


March 1951—March 1952 


Organism —— 


Pen 
Hemolytic staphylococcus 0 
Nonhemolytic staphylococcus + 
Escherichia coli 0 
Clostridium perfringens 0 
Aerobacter aerogenes 0 
Sterile 
Sterile 
Hemolytic staphylococcus 0 
Hemolytic staphylococcus + 
Hemolytic staphylococcus 0 
Hemolytic staphylococcus + 
Nonhemolytic staphylococcus 0 
Pseudomonas aeruginosa 0 
Hemolytic staphylococcus 0 
Paracolon bacillus 0 
Hemolytic staphylococcus + 
Aerobacter aerogenes 0 
Gamma streptococcus ? 
Paracolon bacillus 0 
Nonhemolytic staphylococcus 0 
Hemolytic staphylococcus 0 
Escherichia coli 0 
Pseudomonas aeruginosa 0 
Alcaligenes faecalis 0 
Alcaligenes faecalis 0 
Hemolytic staphylococcus + 
Escherichia coli 0 
Alcaligenes faecalis 0 
Hemolytic staphylococcus + 
Bacillus subtilis 0 
Sterile 
Hemolytic staphylococcus a 
Hemolytic staphylococcus + 
Hemolytic staphylococcus 0 
Gamma hemolytic 
staphylococcus + 
Alpha streptococcus + 
Hemolytic staphylococcus 0 
Aerobacter aerogenes 0 
Proteus species 0 
Hemolytic staphylococcus 0 
Flavobacterium 0 
Alpha streptococcus 0 
Proteus species 0 
Proteus species 0 


Hemolytic staphylococcus 0 


Strep =Streptomycin 
Chloro = Chloromycetin 


Sensitivity 


Strep Chloro Aureo Terr 


= + + 
= + +- 
0 4+ 0 
0 0 0 
0 + 0 
0 0 + 
0 0 + 
0 + 0 
0 = 1s = i 
0 + 0 
+ + 0 
0 0 0 
0 0 0 
0 0 0 
sl sl. sl 
0 0 0 
0 0 0 
0 0 0 
+ 0 0 
0 sl. 0 
0 + 0 
0 + 0 
0 “5 = 
+ 0 0 
0 = + 
0 + 0 
= a os 
0 4. 0 
0 a 0 
0 + 0 
0 + + 
0 0 +. 
0 + 0 
0 0 0 
0 + = 
0 a 2 
0 +- + 
0 + 0 
0 + 0 
0 0 0 
0 0 0 





Aureo=Aureomycin 
Terr=Terramycin 
sl.=slight 


+44 


0 
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eign bodies. The subdural space was inspected in all cases as occasionally a 
sibdural clot was encountered. Ventricular clots and foreign bodies were re- 
moved under direct vision when present. All wounds were copiously irri- 
‘ted. Following complete debridement of all space-occupying clots, devital- 
‘d cerebral tissue, and foreign bodies, the missile canal remained well re- 
‘acted. This, no doubt, was also aided by the opening into the ventricular 
s\ stem with free drainage of ventricular fluid. However, if active cerebritis 
is present with associated edema, there was less tendency for the walls of 
|e missile tract to remain widely separated. 
All wounds were closed tightly following debridement unless active cere- 
b itis was present. In the latter cases, instead of the exteriorization meth- 
o'.?8 the wounds were left wide open and the cerebral tissue was repeatedly 
ii igated with sterile saline solution.” Cerebral herniation was controlled 
w th repeated spinal taps.!* Appropriate antibiotics were given systemically. 
No intrathecal or intraventricular medications were used. After the cere- 
b-itis had subsided, usually in 4 to 6 days, intracranial toilet was accom- 
p ished in the operating room and dural closure was achieved with fascial 
g aft or other means (Table 5). 

The choroid plexus was found to be torn in 12 cases of this series and it 
was cauterized or removed in 10. In the other cases it had thrombosed and 
extruded spontaneously. 

Gelfoam was used in the missile tract in 18 of our early cases to seal off 
the opening into the ventricle. In several re-operative cases the gelfoam was 
encountered floating about freely in the porencephalic cyst that communi- 
cated with the lateral ventricle. The possibility of a loose fragment of gel- 
foam blocking the foramen of Monro or the cerebral aqueduct was thought 
in retrospect to have been the cause of some of the transitory bouts of in- 
creased intracranial pressure in some of the postoperative cases. The pos- 
sibility of gelfoam acting as an avascular focus for infection was also con- 
sidered and its use as a seal in the ventricular opening was discontinued. Its 
value as a hemostatic agent during surgery has been well established and 
for this purpose it was utilized freely in our series. 

Dural closure is of great importance in the surgical treatment of trans- 


TABLE 5 


Dural Closure 


~ sn oe 





Pericranial graft 


8 
Temporal fascia graft 12 
Fascia lata graft 67 
Occipital fascia 1 
Dural closure (primary) 2 
Muscle stamp 1 
Gel film closure 12 


Dura not closed (split-thickness 
graft applied to brain) 


o 


e 


| 


Total 
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ventricular wounds. Fascia lata graft was used in 67 cases, temporal fase 4 
in 12, pericranium in 8, and occipital fascia in 1 (Table 5). Primary dur || 
closure was used in 1 case, and muscle stamp for associated dural-blood sin: s 
tear in 1 case. In 2 cases the dura mater was not repaired. In these 2, a dir 
skin graft was applied on the granulating cerebral tissue, much by the sai 
technique as has been described by Webster. Early in our series, gel film 
fibrin film for dural closure was attempted in 12 cases of transventricul:r 
wounds. One sealed without difficulty, 3 sealed following repeated scalp flap 
and spinal taps, and 8 required re-operation because of cerebral herniatic; 
or persistent fistulous formation. In 5 of these cases the dura mater wis 
closed with a fascial graft; in the remaining 3 it was reclosed with gel filin 
and subsequently sealed after repeated scalp flap and spinal taps. 

Primary closure of the scalp is also of great importance, particularly 
when dural grafting has been done. We saw several cases in which necrosis 
of the dural graft, fistulous formation, and cerebritis developed because of 
inadequate scalp closure. Rather than accomplish closure under tension, 
rotation of a scalp flap with a wide base from an area of intact bone was used. 
The skin flap was rotated to cover the entire operative craniectomy defect 
and a split-thickness graft was applied to the intact periosteum at the site 
from which the rotation flap was raised. We found it advisable to apply the 
split-thickness graft immediately rather than as a delayed procedure. 

Postoperative. Meticulous observation by the ward surgeon is of utmost 
importance. The usual methods of positioning the comatose patient, re- 
suscitation, suctioning, changing position, catheterization, etc., were em- 
ployed. 

In cases of infection appropriate antibiotics were administered system- 
ically. A great deal of importance was placed on culture and sensitivity re- 
ports that could be obtained within a 24-hour period. Penicillin was not used 
in conjunction with aureomycin, chloromycetin, and terramycin, because of 
their alleged antagonistic actions. Intravenous fluids were given to the com- 
atose patients for a period of 24-48 hours postoperatively. Then nasogastric 
tube feedings were employed. When this stage was reached, all antibiotics were 
administered by this method. Table 4, sections A and B, shows the organ- 
isms involved in the infections in this series, as well as the culture and sen- 
sitivity reports when available. It may be noted that Neill and Segerberg" 
reported only 1 known case of recovery from Aerobacter aerogenes in World 
War II. In this series, 2 patients with meningitis caused by Aerobacter 
aerogenes and 5 with Pseudomonas aeruginosa (pyocyaneous) infection re- 
covered. Antibiotics were administered for 10 days to patients without o1)- 
vious infection, and for at least 3 weeks to those with infection. In the latte’, 
this included a period of at least 10 days after there was no gross eviden:e 
of infection as determined by spinal taps with cell count and culture studi 

All head dressings were changed approximately 4—6 hours after surge! 
utilizing sterile technique and individual sterile dressing sets. The dressin. 5 
were then changed one to two times a day until complete healing had : 
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silted. At the time of each changing, the scalp over the craniectomy site 
as inspected and palpated. Subgaleal fluid collection was treated by aspira- 
m under sterile technique. 

Spinal taps were frequently employed in the management of postoper- 
ive transventricular wounds. The actual palpation of the skin flap over the 
aniectomy defect was the deciding factor. Individual cases varied in re- 
rd to frequency of taps and the amount of the fluid removed. We saw no 
toward results from taps as frequent as every 8 hours with removal of 
'-100 ec. of fluid, provided that tap of the flap was done prior to spinal 
p when there was extradural fluid. A tendency of overproduction of spinal 
iid was noted for several days following surgery in practically all cases of 
msventricular wounds. By careful observation of the scalp flap, graded, 
rial spinal punctures were employed in such a fashion that the time interval 

b tween the taps was lengthened and the amount of the fluid removed was 
r duced. Dural graft leaks were sealed on several occasions by combined flap 
id spinal taps. In cases of infection, cell counts, culture and sensitivity test 
vere done at least once a day until all evidence of infection subsided. 

Superficial scalp sutures were removed within 48 hours in most cases, 
tius depending on the buried galeal sutures for closure. The patients were 
niaintained on bedrest for a period of 4 days following surgery. Then they 
were started on sitting up, ambulation and physiotherapy. 

Hemoglobin and hematocrit values were maintained at a level above 14 
gin. and 40 gm. per cent respectively. 

Postoperative skull films were taken on the 4th day. Retained bone frag- 
ments were indicative of further operative procedures. 

Evacuation to the United States was made upon completion of all de- 
finitive therapy except cranioplasty, physiotherapy, and rehabilitation. 
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FACTORS IN MORTALITY 
A review of the autopsy reports in the 11 fatal cases in this series shows 
that the cause of death was primarily infection in 9, intraventricular hemor- 
rhage in 1, and severe generalized diffuse brain damage in 1. 


SUMMARY 


A report based on 105 consecutive cases of transventricular wounds of 
the brain verified at surgery is presented. The over-all mortality rate was 
10.47 per cent. The importance of early definitive surgery was stressed. The 
value of a reliable, quick method of obtaining culture and sensitivity test 
was pointed out. The availability of some of the newer antibiotics admin- 
istered systemically was an important factor in overcoming some of the 
seemingly hopeless infections. The pre-operative, operative, and postoper- 
ative management was outlined. 
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groups: (1) those arising primarily in the posterior fossa and extending 

downward into the foramen magnum and (2) those arising primarily in 
tie upper cervical cord and extending upward into the foramen magnum.The 
former are essentially brain tumors and the symptoms and signs in this 
goup are primarily those of brain tumors; the latter are more strictly spinal 
tumors and these are spoken of as spinocranial and cause the symptoms of 
a spinal tumor. 

The occurrence of such spinal tumors is relatively rare. In the series of 
234 verified spinal cord tumors from the Sachs collection, there were 6 veri- 
fied cases or an incidence of 2.5 per cent. It seemed worth while to call atten- 
tion to their occurrence and as far as possible to correlate some of the com- 
mon characteristics of their symptomatology. 

Other case reports and collected series indicate their relatively rare oc- 
currence but this may suggest a higher unrecognized incidence. Elsberg and 
Strauss,® in a report of 185 cases of spinal cord tumors, found 3.7 per cent 
in the foramen magnum. Love and Adson’® reported 23 cases, 12 of which 
were definitely craniospinal. Elsberg,> Abrahamson! and Symonds and 
Meadows,’ attempted to describe the findings in foramen magnum compres- 
sion. Strully, et al.” called attention to the protean and insidious neurologic 
manifestations of high cervical lesions caused by compressions other than 
neoplasms. Piehl, Reese and Steelman” called attention to the spinocranial 
syndrome as described by Bogorodinski. Until recently, the diagnosis has 
been infrequently made ante mortem and still less often has surgical treat- 
ment been performed. That the actual incidence of these lesions may, how- 
ever, be greater than heretofore suspected, is suggested in a report by Ben- 
nett and Fortes.’ 

Study of the cases recorded in the literature,:7*"-"" as well as the cases 
reported here, indicates that the capricious and bizarre picture frequently 
diagnosed as demyelinating disease or infectious disease of the central nerv- 
ous system may, in fact, be caused by a tumor at the foramen magnum. 


TT irous in the region of the foramen magnum may be divided into two 


* Associate Professor of Neurological Surgery, St. Louis University School of Medicine, St. Louis, 
Missouri. 

7 Research Associate, Departments of Surgery and History of Medicine, Yale University School of 
Medicine, New Haven, Connecticut. Formerly Professor of Clinical Neurological Surgery, Washington 
University School of Medicine, St. Louis, Missouri. 
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The true diagnosis can be arrived at only by careful correlation of symptom 
signs, spinal fluid dynamics, chemistry and use of contrast myelography. 
The following 6 cases of spinocranial tumors describe the train of sym; 
toms and signs encountered in our series. In 5 instances the diagnosis wa 
made and operative procedure was carried out, and in 1 case the diagnosi 
was not established until post mortem. These cases also illustrate the gravit: 


of surgical interference when the disease is far advanced. 


CASE REPORTS 


Case 1. #9507. H.V.D., a 46-year-old white female, was admitted to Barnes Hos- 
pital on Feb. 12, 1942. Her illness had begun in the Fall of 1941 when her neck be- 
came stiff and ached a good deal, at times so severely as to make turning of the head 
impossible. This persisted in spite of osteopathic treatments. 

Seven weeks before admission, numbness and tingling developed in the fingers of 
both hands, more marked on the left. These sensations spread progressively up her 
arms, involving her chest. She stated that her lungs felt tight and heavy. The sensa- 
tion of heaviness spread through the abdomen and finally to her lower extremities. 
As the numb, dead feeling became more severe, the patient lost the use of her extrem- 
ities except for a slight movement in the right hand and right leg. Throughout this 
period, the symptoms were more marked in the early morning, improving during 
the day. She was hospitalized at another institution, where, 4 nights before entry into 
Barnes Hospital, another woman, who was mentally deranged, attempted to choke 
her. From that time on the patient was unable to speak above a whisper. No change 
was noted in function of her bowels or bladder until 8 days before entry, when con- 
stipation became extreme. On the night before entry, she had incontinence of urine. 
There had been a gain of 25 lbs. in weight in the last 6 months. 

Examination. Temperature was 37.5°C., respiratory rate 24 per min., pulse rate 
110, and B.P. 120/75. The patient was a well developed, obese woman, apparently 
not suffering from any pain and quite adjusted to her environment. She was alert, 
cheerful, cooperative and showed no signs of apprehension. 

There was no involvement of the cranial nerves. There was slight tenderness al 
the base of the skull on passive movement of the neck but no rigidity. At the 2nd or 
3rd cervical dermatomes there was a disturbance in the temperature sense forming 
a collar type of deficit, but this was not constant. Deep reflexes were hyperactive and 
equal but superficial reflexes were absent. There were bilateral Babinski and 
Hoffmann signs. The tone of the rectal sphincter was poor. 

Laboratory Data. Blood and urine were normal. Kahn was negative. Lumbar 
puncture and Queckenstedt test were performed on Feb. 13, 1942. The initial pres- 
sure was 190 mm. of water. When the left jugular was compressed there was goo: 
response but not on compressing the right. Lumbar puncture on Feb. 16, 1942, 
showed a rise when both jugulars were compressed. The fluid was turbid and pinkis! 
in color. The cell count, with acid, was 9; without acid 234, nearly all fresh red cells 
Pandy was 4 plus; Wassermann negative; colloidal gold curve 0001111223; an! 
total protein 1,173 mg. per cent. A second lumbar puncture performed on the sam 
day showed 3,700 red cells without acid, 17 cells with acid; total protein was 1,04: 
mg. per cent. A provisional diagnosis of Guillain-Barré neuronitis was made. 

Course. On Feb. 17, 1942, her temperature suddenly rose to 41.0°C. Her puls 
rate was 130, and respiratory rate 30. Respirations gradually increased in depth, wit 
apneic pauses of 30 to 40 sec. occurring every 5 to 10 min. Pulmonary edema d: 
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veloped and the heart sounds were distant. Two and one-half hours following this 
sidden elevation of temperature, the patient vomited 200 cc. of brownish-red ma- 
rial. In spite of oxygen therapy and supportive treatment, she died. 

Autopsy. The leptomeninges over the spinal cord and the cerebrospinal fluid 
‘re rust-red in color. Situated at the foramen magnum and extending downward 
ward the Ist cervical vertebra and in the left posterior quadrant was a grayish- 
‘ite tumor measuring 13 X2 cm. (Fig. 1). The tumor was attached to the dura 
iter and pressed on the spinal cord in a forward direction. Diagnosis: Intradural 
mor of the upper cervical segment and foramen magnum with compression of the 
inal cord. 

Microscopic Diagnosis. Arachnoidal fibroblastoma (meningioma). 


a me wl eee 


, 








Fic. 1. (Left) Tumor compressing the cisterna magna. (Right) Tumor swung laterally 
to expose distorted upper cervical cord and medulla. 


Case 2. #102641. P.1.Z., a 52-year-old white female, entered Barnes Hospital with 
a history that about 1 year before entry she had begun to suffer intense occipital 
headaches. At that time she was going through menopausal changes and was thought 
to have a menopausal psychosis. Treatment of 10,000 units of Theelin every 2 or 3 
weeks was prescribed. This she took at irregular intervals without improvement. 
The headache was so intense that she was given codeine and aspirin. She had marked 
personality change during this period, becoming morose and sullen. 

In the 8 months prior to admission she had complained of slight weakness of the 
right arm. This became progressively worse during the last month, and on admission 
she was unable to move her right arm and leg. She also suffered from severe consti- 
pation which necessitated daily enemas. Two months before admission she had be- 
gun to take morphine for relief of her occipital pain. 

Following admission, the patient had a syncopal attack during which her blood 
pressure dropped to 80/60. She complained that she could not get her breath. The 
possibility that this was a withdrawal symptom was considered. An EEG done at 
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this time showed myocardial damage of coronary type. A myocardial infarctio: , 
however, could not be definitely demonstrated. She also had infection of the bladd 
On digitalis therapy she improved gradually but was considered a poor surgical ris 

Neurological Examination. The patient was an emaciated, white woman lyi: 
uncomfortably in bed with her head tilted to the left. She was only moderately c.- 
operative. There was no nystagmus. The corneal reflexes were intact and no senso: 
disturbances of either 5th nerve were noted. There was a suggestion of a slight rig] | 
facial weakness. There was weakness of the right sternocleidomastoid and trapezii: 
muscles. There was marked weakness of the right arm with almost total paralysis. 
There were no tremors and no astereognosis. Biceps, triceps and radial reflexes we 
present and equal bilaterally. There was a right Hoffmann sign. Kinesthetic sensi- 
tion could not be tested because the patient was uncooperative. Abdominals were 
absent bilaterally. There was complete loss of function of the right leg with a foot 
drop, but knee jerks and ankle jerks were approximately equal. There was no demon- 
strable clonus but there was a suggestive right Oppenheim and Babinski reflex. 

Laboratory Data. Red count was 4.36, hb. 12.7 gm., and white count 6,000 with 
normal differential. The urine showed a 1 plus albumin and many white cells. Kahn 
was negative. N.P.N. was 18 mg. per cent and fasting blood sugar 74 mg. per cent. 
CSF was slightly xanthochromic with an initial pressure of 130. Queckenstedt test 
showed a complete block; there were 40 cells with acid and total protein was 480 mg. 
per cent with a 4 plus Pandy. 

A diagnosis of cervical cord tumor in the region of the foramen magnum was 
made. 

Operation. On Jan. 18, 1943 lipiodol was injected into the lumbar space which 
showed a complete block at C2 (Fig. 2). Under endotracheal anesthesia, a laminec- 
tomy was done with removal of the Ist, 2nd and 3rd cervical spinous processes, the 
foramen magnum, and the lower portion of the occipital bone. The dura mater was 
opened in the region of C2 and the incision was carried upward, exposing a tumor 
which was lying on the right side of the cord. Huge vessels covered the tumor and 
ran over the cord. The left edge of the tumor was tightly adherent to the medulla 
and was dissected away with some difficulty. As it was lifted up, the patient experi- 
enced some difficulty in breathing. The tumor extended up into the lower portion of 
the 4th ventricle; it was lifted up and removed without any hemorrhage. Closure 
was then made in the usual manner. 

Course. Immediately after the operation the patient responded well but, on the 
2nd postoperative day, she began to have some difficulty in breathing. There was a 
chest lag on the right side. In spite of oxygen and chemotherapy for a bilateral 
bronchopneumonia, death occurred on the 11th postoperative day. 

Autopsy revealed that the tumor had been completely removed but there was 
myelomalacia of the right lateral columns of the cord. 

Pathological Diagnosis. Arachnoidal fibroblastoma (meningioma). Tumor weigh! : 
7 grams. 


4 


Case 3. #88942. V.E.S., a 36-year-old white female, entered Barnes Hospital on 
April 22, 1941. She had been in good health until 8 years previously, when, durin: 
the 4th month of her gestation, she began to notice weakness of the right hand an‘! 
difficulty in handling objects. This progressed until at the time of delivery she ha 
a complete right hemiparesis. This gradually improved during the following 1) 
months so that she was able to do her housework for about 10 months. From th » 
time on, she began to see various doctors because of the weakness of her right si 
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Figs. 2, 3 and 4. Myelograms demonstrating block at C1 and C2 level in Cases 2, 3 and 5 respectively 


and various paresthesias. No diagnosis was made. She was given a course of sex 
hormone therapy for 2 months. 

Between 1936 and 1939, she had periods of dull cramping pain in her right thigh. 
In 1938 the paresis in the right upper extremity reappeared and spread to the right 
lower extremity. At times it was associated with dull, cramping pains in the muscles 
of these extremities. In 1939 she was in another hospital, where a diagnosis of multi- 
ple sclerosis was made. She was given intensive Vitamin B therapy. There was no 
improvement and, from 1940 on, the progressive loss of power in the right side in- 
creased until she again became completely hemiplegic. At the same time there were 
periods when she complained of paresthesias in the left foot, leg, hand and arm. 
Some weakness of the left hand also developed. During the 8 years of her illness she 
had had attacks of urinary incontinence and dysuria but these were followed by 
periods in which she had normal control. At times she had had gross muscular 
twitchings in the right extremity but no fibrillary movements were noted. 

Neurological Examination. She was a fairly well developed, well nourished, white 
woman lying quietly in bed. Temperature was 37.5°, pulse rate 38, respiratory rate 
16, and B.P. 120/75. She was alert, oriented and apparently was in no pain. The left 
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pupil was larger than the right but both reacted to light and in accommodati: 
There was slight lateral nystagmus to the right and left. The fundi were norm 
The right shoulder could not be shrugged and there was definite weakness of | 
right sternocleidomastoid and trapezius muscles. There was a spastic paralysis f 
the right arm and leg. Power of the left arm and leg was diminished. All tend: 
jerks were hyperactive and equal. Abdominal reflexes were absent. There wi 
bilateral Hoffmann, Babinski, Oppenheim and Chaddock reflexes and a bilate; (| 
ankle clonus. Diminution of sensation was noted from the 2nd cervical dermatoiie 
down. There was some impairment of stereognostic ability in the right hand. Vibr.- 
tory sense was diminished over the legs and absent below the knees. 

On lumbar puncture, the initial pressure was 150, with a normal rise and fall on 
jugular compression; there was no evidence of a block. 

Laboratory Data. The spinal fluid contained 5 cells; Pandy was negative and total 
protein was 133 mg. per cent. Blood and spinal fluid Wassermann tests were negi- 
tive. Colloidal gold curve was 0013311000. Spinal fluid removed on May 5, 1941 be- 
fore the injection of lipiodol showed a total protein of 254 mg. per cent. Myelography 
was carried out, which showed a complete block at the level of C2 (Fig. 3). 

RBC was 4.78, hb. 70 per cent and WBC 8,650, with normal differential. Blood 
count was normal. Urine was normal and stool was negative for guaiac. 

Operation. On May 8, 1941, under avertin, an incision was made from the occi- 
pital bone down to the 4th cervical spinous process. The muscles were dissected 
away from the occipital bone and from the Ist, 2nd and 3rd cervical vertebrae. The 
spinous processes of C2 and C3 were removed and the exposed dura mater did not 
pulsate. The posterior part of the atlas was then removed and, when the dura mater 
was opened, a tumor extending along the right side of the cord was disclosed. In 
order to get an adequate exposure. the posterior portion of the foramen magnum 
and lower portion of the occipital bone were removed so that both cerebellar lobes 
were exposed. The dural incision was then carried upward. The cisterna magna was 
obliterated by the tumor. It had displaced the medulla to the left and was lying in 
front of the ligamentum denticulatum. It was removed in toto. Closure was made in 
layers, with silk. 

Course. The patient made an uneventful postoperative recovery. Her paralysis 
cleared up almost completely and she now does all her work. 

Pathological Diagnosis. Arachnoidal fibroblastoma (meningioma). Tumor 
weight: 14 grams. 


Case 4. #103657. B.S., a 56-year-old white male, entered Barnes Hospital in 
February 1943 with the complaint of stiffness of his neck for 3 years. He had had 
impotence for 1 year, numbness of the left hand for 1 year and weakness of his riglit 
hand and both legs for 2 or 3 months. He had experienced a sensation of tightness 
about his chest for 2 or 3 weeks. He had been seen at another clinic 7 months before 
admission at which time no definite diagnosis had been made. 

Examination. The following findings were noted: no impairment of any crani:! 
nerves, stiffness of the neck, spasticity of the arms, more marked on the right, ai! 
diminution of strength in grips on both sides. There was some questionable hyp« 
thesia to pin prick over the left forearm. All tendon reflexes were hyperactive, wil) 
bilateral ankle and patellar clonus. There was a positive Hoffmann on the left. 
pathological toe signs were found. Position sense was normal. Abdominal reflex: 
were absent. The patient was up and about but had a spastic gait with legs feeli: 
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stiff and weak. There was some difficulty in beginning urination and some decrease 
i: the caliber of the stream. 

Laboratory Data. Lumbar puncture was done which showed no block. There were 
f 3 ells; total protein was 79 mg. per cent; colloidal gold curve 0013331100; Wasser- 
inn negative; Pandy negative. X-rays of skull and cervical spine were non-contri- 
tory except for some arthritic spurring in the spine. 

| Course. The patient was discharged as a possible tumor suspect; spastic paraple- 
, cause unknown. 

2nd Admission. He was re-admitted 4 months later with definite progression of 


— 








h s symptoms. There were increasing stiffness and weakness of both legs. Stiffness 
™ o the neck was still present. In addition he complained of numbness over the left 
u nand the left side of the body and inability to tell the difference between hot and 
ral « id on the left side. He did not complain, at this time, of numbness of his right arm 
a a | hand but there was weakness of the right hand which had progressed to almost 
-_ c inplete paralysis of the right arm with only slight flexor movements of the fingers. 
= ‘| ie weakness of the legs had steadily increased. 
Two months before admission the patient had had a urinary infection and two 
od ce) isodes of pain on passing his urine, associated with chills and fever. He had had his 
b adder irrigated at another hospital. The patient was constipated. 
es Two weeks prior to this 2nd admission, there was pain in the right arm. He had 
od never experienced pain in the legs or left side of the body. Occasionally he had pain 
" il the neck. nae 
a Examination. lhe patient was well developed and obese, in no acute distress 
a but lying motionless in bed, able to move only his left arm. His speech appeared 
” normal and his memory was good. There was weakness of both trapezius muscles. 4 
ae There was complete paralysis of the right arm. The left grip was weak but all move- 
“0 ments were preserved. Biceps and triceps reflexes were greatly exaggerated on both 
im sides. Hoffmann sign was absent. There was spastic paraplegia of the lower ex- 
in tremities with a few flexor movements of the toes. Tendon reflexes were hyper- 
* active and there was a bilateral ankle clonus. Abdominal reflexes were absent. There 
was absent sensation to pain and temperature from C1 down on the left side of the 
ma body. 
as A diagnosis of high cervical cord tumor was made. 
; On July 2, 1943 lipiodol was injected, which showed separation of the lipiodol 
Ol column at the 5th cervical vertebra. There was no complete block. 

Operation. Under avertin, a laminectomy was performed. The upper cervical cord 
in was exposed. The dura mater did not pulsate. The occipital bone was then opened 
ad over the cerebellum and the posterior part of the foramen magnum was removed. 
ht The dura mater was split upward. The spinal cord at the level of the 1st cervical 
SS segment and the medulla bulged markedly, as if pushed back by a tumor, but no 
re tumor was disclosed. More bone was removed laterally on the right side and the cord 

was retracted gently, and then a tumor was found lying anterior to the spinal cord 
= in the midline in the basilar groove. Even this slight manipulation of the cord 
andl affected the patient’s respiration. More bone was taken away and the capsule of the 
ai tumor was split. It was obviously a meningioma. A curette was inserted into the 
th tumor but the tumor itself could not be mobilized. The capsule and tumor were 
\ then removed piecemeal. These manipulations interfered with the patient’s respira- 
; tion and he died of respiratory failure before the operative procedure could be 


completed. 
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Pathological Report. There was a 2} X2X2 em. oval-shaped mass of tumor con 
pressing the medulla oblongata and lying between the two vertebral arteries. T| 
tumor had compressed the spinal cord, thinning it to a ribbon-like structure measu 
ing at its greatest thickness only 7 mm. The tumor was well circumscribed, and the 
were a few small nodules on its surface which could be shelled out from the du 
mater and the brain tissue surrounding it. The dura mater over the tumor w: 
markedly thickened but in no area did it appear to be actually invaded by t! 
tumor. 

Pathological Diagnosis. Arachnoidal fibroblastoma (meningioma) involving the 
anterior surface of the medulla oblongata and the Ist and 2nd cervical sections of 
the cord. 


Case 5. #113390. R.H.T., a 49-year-old white male, entered Barnes Hospital on 
April 18, 1944. He had been perfectly well until 1 year previously, when he first 
noticed a sensation of stiffness in his neck, which was not accompanied by pain. 
The stiffness did not disturb him greatly. Shortly after its onset he began to notice 
a sensation of numbness and tingling, and a feeling of “pins and needles”’ in the right 
upper and lower extremities. These sensations became more marked, but were never 
felt on the left side. About 4 or 5 months prior to admission, weakness occurred in 
the right hand and arm and in the right lower extremity, which gradually progressed 
so that for 2 weeks prior to entry the patient had been unable to move the right 
upper extremity at all and had been able to walk only by dragging the right leg. He 
had noticed no weakness of the left extremities. Four or 5 months previously, he 
had had occasional episodes in which he seemed to be short of breath and unable to 
speak except in a very low voice or whisper. These spells came on at irregular inter- 
vals and usually lasted only a few minutes. They did not seem to be related to any 
particular activity. He had had urinary incontinence only since admission to the 
hospital. There was no history of trauma, 

Examination. He was a well developed, well nourished male who appeared 
comfortable and not acutely ill. He was cooperative. There was no fixed attitude of 
the head. There was no noticeable impairment of speech. The sternomastoid and 
trapezius were weak on both sides, more on the right than on the left. The fundi 
were normal and there was no nystagmus. The patient was unable to perform any 
movements with the right upper extremity, which appeared somewhat swollen. 
There was slight weakness of the left arm. On both sides sensation to touch and pin 
prick was diminished from the 2nd cervical dermatome down. The tendon jerks 
were all hypoactive, more on the right than on the left. There was bilateral astereog- 
nosis. Hoffmann sign was positive bilaterally. Abdominal and cremasteric reflexes 
were absent. There was complete loss of motor power of the right lower extremity 
and some loss of power on the left. There was bilateral inexhaustible ankle clonus. 
All pathological toe signs were positive. There was slight nuchal rigidity but no 
tenderness nor deformity. 

Laboratory Data. On lumbar puncture a partial block was found: 31 cells; 4 
plus Pandy; total protein 273 mg. per cent; colloidal gold 3444333210, and Wasse: 
mann negative. Lipiodol injection showed a block at the foramen magnum (Fig. 4 

Operation. On April 4, 1944 a laminectomy was done. Incision was made over th 
occipital bone and over the Ist, 2nd and 3rd cervical vertebrae. The dura mater di’ 
not pulsate and the occipital bone was rongeured away over the posterior part « 
the cerebellum and the cisterna was exposed. After opening the dura mater at th 
level of the 2nd cervical vertebra, a nodular tumor was exposed on the left side « 
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the cord. The inferior cerebellar artery had to be carefully dissected away from the 
tumor, which lay to the left and anterior to the spinal cord and projected into the 
4th ventricle. The tumor was removed completely. Closure was made with silk in 
layers. 

Course. The patient had a completely uneventful postoperative course and when 
«camined recently, was walking with only a suggestion of slightly spastic gait on 
{ .e right. He was up and back at work. 

Pathological Diagnosis. Arachnoidal fibroblastoma (meningioma). Tumor weight: 

grams. 


Case 6. #421225. 1.B., a 33-year-old white female, entered Jewish Hospital in 
| ebruary 1942. She had been well until the birth of her first child in 1937, 5 years 
; reviously. Her weight before pregnancy was 136 Ibs.; at term she weighed 160 lbs. 
lier weight subsequently increased and, at time of admission, was 196 lbs. She felt 

eak at all times. Following the birth of her second child, 23 years before admission, 
‘r periods had returned and recurred at irregular intervals for a year but she had 
id no flow for the last 12 months. 

Eighteen months before admission the patient began to feel tightness in her 
eck, “‘like a stiff neck.” She could not turn her neck easily. Tonsillectomy was ad- 
ised and performed. This did not relieve her stiff neck. She next noticed numbness 
i. the right thumb which spread to the right hand and right forehead, shoulders 
nd chest. Then the left hand was similarly affected. She noticed weakness first of 

ihe right arm, then of the left and increasing difficulty in walking for 1 year before 
admission. For the last 6 months she had had headache and, 1 month prior to entry, 
ihe arms had become so weak that the patient had difficulty in feeding herself. 

Examination. The patient was an obese, white female who appeared in no acute 
distress. B.P. varied from 180/100 to 160/100. Her face was typical of Cushing’s 
syndrome. Her cheeks were reddened and blown. The hair was prominent over the 
upper lip and chin and well developed on the forearms and legs. There was a 
tendency toward male pubic hair distribution. Her neck was very short. Her abdo- 
men was domeshaped. There were purplish striae over the abdominal wall and 
thighs. There was diminished sensation from the 1st cervical dermatome down. 
There was an almost complete spastic quadriplegia. All deep reflexes were hyper- 
active. Abdominal reflexes were absent. Bilateral Hoffmann and Babinski signs and 
ankle clonus were elicited. There was no cranial nerve involvement. 

Laboratory Data. Urine was normal. Kahn was negative. Routine blood was 
negative. There was a low sugar tolerance. 

Comment. The patient presented the classic signs of Cushing’s syndrome includ- 
ing obesity, plethora, amenorrhea, nuchal fat pads, red abdominal striae, decreased 
sugar tolerance, hirsutism and hypertension. In addition there were the signs of 
spinal cord compression at a high level. Queckenstedt test revealed a complete block. 
The fluid was xanthochromic and the total protein was elevated. Lipiodol was in- 
jected through the lumbar meninges and myelography showed a block at C1. 

A diagnosis of Cushing’s syndrome and spinal cord tumor at the level of foramen 
magnum was made. 

Operation, Feb. 2, 1942. There was a very thick fat pad over the neck and the 
occipital area so that a very long incision had to be made. The spinous processes of 
the Ist, 2nd, 3rd and 4th cervical were removed. On exposing the dura mater, no 
extradural fat was found and the dura mater did not pulsate. The muscles were 
peeled off the occipital bone, much of which was then removed, exposing the 
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posterior fossa and the upper cervical cord. When the dura mater was opened, 
tumor lying posterior to the spinal cord was exposed. The tumor extended up in! 
the 4th ventricle. It was nodular and obviously a meningioma. The tumor w: 
attached to the dura mater over the foramen magnum. With its dural attachme:: 
it was removed en masse from the foramen magnum and the 4th ventricle. After r 
moval, a depression was left in the region of the 4th ventricle and the Ist cervic: 
segments. The dura mater was then closed over the spinal cord but the cerebella 
dura mater was left open. Closure was made in layers. 

Course. The patient had an uneventful postoperative course except for a supe 
ficial breakdown of the wound. She was up and walking at time of discharge. 

She was re-admitted to Barnes Hospital on Dec. 8, 1943 for chemical studies 
During the postoperative interval her weight had dropped to 163 Ibs. 

DISCUSSION 

The neurological data of a series of 6 spinocranial tumors are summarized 
in Table 1. During the early stage of tumor formation these patients pre- 
sented changing and vacillating symptoms and signs. It is at this stage that 
a variety of diagnoses are made. Abrahamson and Grossman! suggested thal 
the early neurological manifestations are caused by distortion of the cord. 
Only when compression of the cord begins do the signs become definite and 
identifiable. 


TABLE 1 


Summary of neurological data 


Dura- Stiff Sexual — 
Case tion of Neck or Bladder Dis- |Choked Motor Sensory “ea Nys- Pupil | “Astere- 
No. | Symp- | Head- | Deficit) turb- | Discs | Deficit | Deficit | 3\*TY* tagmus Change ognosis” 
ym} g g 


toms ache ances Defect 
1 14 mos. + + 0 0 4 oS 0 0 0 ? 
: lyr. + 0 a 0 a 0 VII 0 - _ 
XI 
3 8 yrs. 0 + 0 0 + + 0 A a: it 
I 3 yrs. + 0 0 0 + + XI 0 — ie 
5 lyr. =: = 0 0 i = XI a = = 
6 13 yrs. + + + + 0 0 — — 


Characteristically most of the patients, sooner or later, complain of pain 
or stiffness in the neck or headache. Unilateral sensory and/or motor changes 
occur. These are usually homolateral. Late symptoms are frequently of 
bladder and, at times, sexual disturbances. Rarely are the cranial nerves 
involved, and, in this series, choking of the dises was not encountered. 

Weinstein and Wechsler'* and Rubinstein" have reported the finding of 
astereognosis in patients with lesions of the posterior fossa involving the 
upper portion of the cervical cord. One of Rubinstein’s cases was from the 
Neurosurgical Service at Barnes Hosital. It is not included here, as it be- 
longed to the craniospinal group. We do not believe the term astereognosis 
should be applied to cases in which there is a gross sensory disturbance. In 
true astereognosis there should be no other demonstrable sensory disturb- 
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ance. When marked sensory disturbance is present, such dissociation had 
Letter be spoken of as stereo-anesthesia.’ 

The presence of Cushing’s svndrome in Case 6 may have been a coinci- 
dental occurrence, but it is of great interest that with removal of the tumor 
{hose symptoms disappeared in the course of a year. Descending pathways 
{om the hypothalamus have been traced to the pontine level and almost 
certainly these exist at lower levels. That Cushing’s syndrome is related to 
| sions of the hypothalamic nuclei has been suggested by Heinbecker.* 
\\hether removal of the direct pressure on the medullary tracts played a role 

the regression of symptoms or whether relief of a slight degree of internal 
| vdrocephalus, as suggested by Heinbecker,’ was responsible, is a matter of 
-,eculation in Case 6. We had no positive evidence of hydrocephalus. Also 
({ interest is the increase of 25 lbs. in weight during the development of 
~ mptoms in Case 1. 

Cerebrospinal fluid findings are summarized in Table 2. In all instances 
tie total protein content of the spinal fluid was elevated. In 2 cases, complete 
| lock, and in 1 ease, partial block to Queckenstedt was present. In all 4 
cases there was a block or deformity in the myelogram. 


TABLE 2 


Summary of cerebrospinal fluid findings 


, Initial . Total 4 S Quecken- 
rg CSF Pandy Cells se Protein . oy stedt Myelogram 
‘YO. | Pressure | ee —_ Block 
1 190 4+ 9 ? 1173 0001111223 Partial Not done 
2 130 $+ 40 + 480 0001100000 | Complete Block 
3 150 0 5 0 133 0013310000 0 Block 
(254) 
5 days. 
t 170 | 0 3 0 79 0013331100 0 Block 
2nd Entry 
5 130 4+ 32 0 273 3444333210 Partial Block 


6 240 4+ t + 261 0001123222 Complete Block 


SUMMARY 


1. A series of 6 tumors of the foramen magnum (spinocranial) is pre- 
sented. 

2. These cases illustrate the insidious onset of spinocranial tumors and 
the great variability of the early symptoms. 

3. Patients with suboccipital headache who manifest pyramidal deficits 
and capricious sensory symptoms may well have a tumor of the foramen 
magnum. 

4. It is important to resort to high cervical myelography if the total pro- 
tein is elevated. 
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RAUMA is an uncommon cause of intracranial venous sinus thrombosis, 
especially in the absence of penetrating injury. Two patients died re- 
cently at the Hospital for Sick Children as the result of head injuries 
iffered in automobile accidents. At autopsy both patients revealed recent 
irombosis of the superior sagittal sinus without fracture of the skull. As we 
vere able to find only 1 similar case in the literature and as some of our ob- 
ervations on subsequent cases of head injury appear to elucidate the patho- 
venesis of this condition, it was felt that a report of these 2 cases was justi- 
lied. 


CASE REPORTS 


Case 1. A 10-year-old boy was hit by a motor car travelling at approximately 
50 miles per hour. On admission to hospital he was unconscious and cyanotic. A 
large amount of blood was removed from the trachea by suction and an endotracheal 
tube was inserted. There were two abrasions and a haematoma over the left frontal 
region and abrasions over the left maxilla. No blood was seen behind the ear drums. 
The pupils were equal and reacted to light, and the corneal reflexes were present. 
Initially the reflexes were normal and the plantar responses were downgoing. There 
was an obvious fracture of the right femur, which was immobilized in a Thomas 
splint. The patient manifested mild shock on admission which responded quickly to 
the administration of plasma. The blood pressure then remained normal until im- 
mediately prior to death. 

His neurological state deteriorated quite rapidly and 5 hours after admission he 
showed a bilateral extensor Babinski response, slight dilatation of the left pupil, 
increased muscular tone in the extremities and decreased movements of the right 
arm and leg. The right side of the chest did not move well and this was not im- 
proved by bronchoscopic suction. A lumbar puncture revealed blood-tinged fluid 
without xanthochromasia under a pressure of 450 mm. of water. About 36 hours 
after admission fixed pupils developed and the patient died as preparations were 
being made to do burr holes. 

Autopsy. The body was that of a well developed male child showing the super- 
ficial abrasions of the skin that had been noted on clinical examination. The right 
leg was externally rotated. The findings included a transverse fracture of the shaft 
of the right femur, a linear fracture of the left iliac bone and a small tear in the lower 
pole of the left kidney which had resulted in moderate haemorrhage into the retro- 
peritoneal and peripelvic tissues. Multiple subpleural and parenchymal haemor- 
rhages were seen throughout both lungs. 
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Patchy haemorrhagic extravasations involved the deep surface of the scalp ove 
the left frontal, parietal and occipital regions. The skull was intact throughout. . 
firm, friable thrombus occluded the lumen of the superior sagittal sinus in its entir 
length but not including the confluence of the sinuses. The lacunae as well as th 
other dural sinuses were patent and grossly free of thrombus. The superficial cer 
bral veins appeared congested and there were diffuse patches of subarachnoi: 
haemorrhage over both cerebral hemispheres, particularly on the left side. 

The brain weighed 1590 gm. The cerebral convolutions were slightly flattene: 
but there was pronounced swelling of the brain stem and pons. No other lesions wer 
noted on gross inspection. The spinal cord was not examined. 

Microscopical examination of the brain stem and pons confirmed the presence o| 
edema with considerable vascular congestion, widening of perivascular spaces ani 
early degenerative changes in neurons. No haemorrhages were encountered. Sec- 
tions of the cerebral hemispheres also showed vascular congestion but this was less 
conspicuous than in the brain stem and pons. 

The lumen of the superior sagittal sinus was completely occluded by a laminated 
thrombus of recent origin (Fig. 4). Its wall showed extensive haemorrhage which 
had reached the lumen in several areas. The endothelial cells in these areas were 
swollen and appeared to be desquamating. 


Case 2. A 4-year-old boy ran into the rear fender of a moving car and was thrown 
to the ground. When first seen by a physician he was not deeply comatose but re- 
sented being handled. He gradually became more restless and vomited frequently. 
He moved his right extremities more than the left. 

On admission to the Hospital for Sick Children on the following day he was un- 
conscious, flailing the left arm and leg aimlessly with spasticity of the right leg and 
flaccidity of the right arm. There was very severe swelling of the left temporal re- 
gion and a convergent left squint, the left eye being turned downwards. The pupils 
were small and reacted to light. The corneal responses were absent. The right plantar 
response was upgoing, the left equivocal. 

Skull x-rays showed no evidence of fracture. Lumbar puncture revealed slightly 
yellow fluid under a pressure of 145 mm. of water. A fixed right pupil developed, 
with elevated temperature and Cheyne-Stokes breathing. 

Bilateral burr holes were done 5 days after admission but no evidence of extra- 
dural or subdural blood clot was found. The patient died 7 days after admission in 
respiratory failure. 

Autopsy. The body was that of a well developed male child showing superficia! 
abrasions of the skin above the right eye and bridge of the nose. One recent surgica! 
incision was present in each temporoparietal region. 

Internal examination of the thorax and abdomen revealed no significant findings 
apart from marked congestion and early consolidation of the lower lobes of both 
lungs and the presence of large amounts of tenaceous mucus in the trachea and 
bronchi. 

Apart from the operative wounds the skull was intact. There was diffuse subdura! 
and subarachnoid haemorrhage, particularly over the right cerebral hemisphere 
The brain weighed 1530 gm. There was flattening of gyri, most marked over th« 
left temporal, right parietal and occipital lobes. Multiple small areas of cortical con- 
tusion were seen over the right occipital lobe. On section, after fixation, marked 
swelling of the brain stem and pons was noted. The superior sagittal sinus was com- 
pletely occluded by loosely adherent thrombus throughout its extent. 
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Microscopic examination of the sinus showed an appearance similar to that en- 
ountered in Case 1. The lumen was occluded by recent thrombus and patchy 
aemorrhages could be seen in the sinus wall. Sections of the brain stem and pons 
vere also similar to those in Case 1 but the cerebrum showed a greater degree of 
ascular congestion, edema and damage to neurons. 


PATHOGENESIS OF TRAUMATIC SINUS THROMBOSIS 

The extensive thrombosis of the superior sagittal sinus which was found 
i the 2 cases reported above appeared to have been the result of severe blows 
» the head and to have largely contributed to death. It was, therefore, felt 
o be of interest to explore the pathogenesis of this lesion and to study the 
fects of trauma upon the superior sagittal sinus in general. 

Thrombosis within any vessel is generally regarded as being caused by 

ne or more of three factors: abnormalities of the clotting mechanism of the 
slood, disturbances of blood flow, and injury to the lining endothelium. The 
irst of these can be excluded with reasonable certainty because haemato- 
gical abnormalities were neither suggested by the clinical history of these 
wo children nor indicated by the autopsy findings. The second factor, dis- 
urbances of blood flow, is more difficult to evaluate. Case 1 manifested a 
brief period of mild shock and had suffered considerable loss of blood into 
ihe lungs, the retroperitoneal space, the scalp and the regions of the leg and 
pelvic fractures. No such period of shock was detected in Case 2 and the 
blood loss was minimal. 

The walls of the superior sagittal sinus contain small sinusoids which rep- 
resent the continuations of the contributory veins. These sinusoids are 

devoid of any muscle coat and consist merely of an endothelial lining sup- 








Fic. 1. Longitudinal section of the superior wall of the superior sagittal sinus. There are 
multiple scattered intramural haemorrhages. 
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Fic. 2. Cross section of the superior sagittal sinus showing massive intramural haemorrhage 
into its superior wall. 


ported by the connective-tissue stroma containing a few elastic fibrils. The 
lining of the sinus itself has a similar architecture (Fig. 5). One of the strik- 
ing features of the superior sagittal sinus in the 2 cases reported was the 
presence of multiple small haemorrhages within its wall. These were most 
numerous in its superior wall although not confined to that area (Fig. 4). 
These intramural haemorrhages were caused by rupture or complete disinte- 
gration of these delicate sinusoids. The small arteries, also present within the 
wall of the sinus but endowed with a muscular media, were intact (Fig. 3). 





Fic. 3. Photomicrograph of the wall of the superior sagittal sinus showing rupture and disintegra- 
tion of intramural sinusoids. The small arteries remain intact. (200) 
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Fig. 4. Photomicrograph of the superior sagittal sinus of Case 1, showing occlusion of the lumen 
by thrombus and intramural haemorrhage. (X10) 


in many areas these haemorrhages had encroached upon the lumen of the 
sinus and led to injury of the lining endothelium (Fig. 5). 

Since the presence of intramural haemorrhage and the resulting injury 
io the lining cells might afford an explanation of the subsequent occurrence of 
thrombosis, the superior sagittal sinus of 11 other patients with head injury 
was examined at autopsy. In 3 of these cases gross evidence of intramural 
haemorrhage was found. 

One case was that of a 63-year-old man who had received a blow to the 
left side of the head during a fight. He had suffered a depressed fracture of 
the skull in the left temporoparietal region and lacerations of the brain in 
that area. He died 2 hours after admission to hospital. The superior sagittal 
sinus showed multiple small haemorrhages throughout its entire extent, par- 
ticularly in its superior wall (Fig. 1). The second case, that of a 51-year-old 
man who had fallen onto a concrete floor from a standing position, suffering a 
basal fracture of the skull and dying almost instantaneously, revealed the 
most massive intramural haemorrhage that we have so far encountered. It 
extended throughout the length of the superior sagittal sinus and encroached 
upon, but did not appear to occlude the lumen of the sinus (Fig. 2). The 
third case was that of a 15-year-old boy who died of abdominal injuries 10 
hours after an automobile accident. He had apparently struck his head 
against the pavement, as shown by superficial abrasions of the face and 
scalp, but had not suffered a skull fracture or grossly evident injuries to the 
brain. The superior sagittal sinus also showed many small haemorrhages in 
its wall. 

All of these cases showed microscopically rupture of intramural sinusoids 
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Fig. 5. Section of the wall of the superior sagittal sinus showing its normal structure in the upper por- 
tion of the photograph and haemorrhage involving the endothelial lining in the lower portion. (300) 


but none of them revealed thrombosis. Extensive injury to the lining endo- 
thelium was found in the case of the massive haemorrhage. 

It thus appears that haemorrhage into the wall of the superior sagittal 
sinus is a relatively frequent result of trauma to the head. The delicate 
structure of the sinusoids, in contrast to that of the small arteries, might 
well explain their great susceptibility to trauma. The relatively fixed posi- 
tion of the superior wall of the sinus probably accounts for the greater fre- 
quency of the haemorrhages in that area. Whether endothelial injury is the 
only factor in the production of thrombosis or whether other factors, partic- 
ularly slowing of the blood stream, also play an essential role remains to be 
determined. There seems little doubt, however, that endothelial injury 
would greatly predispose the sinus to the deposition of platelets upon its 
wall and to subsequent thrombosis. 

The marked degree of edema of the brain stem and pons that was en- 
countered in the 2 cases of sinus thrombosis suggests that the blood vessels 
of these areas participate in the establishment of a collateral circulation. 
possibly via the straight sinus and the lateral sinuses. Apart from the investi- 
gations of Browder and Kaplan,‘ little is known regarding the possible chan 
nels of collateral venous drainage following occlusion of the superior sagitta! 
sinus. 

Further studies are now in progress concerning the routes of collatera 
circulation and the effects of trauma upon the other venous sinuses. 


REVIEW OF THE LITERATURE 
There are numerous reports of injuries to the venous sinuses of the dur: 
mater by missiles. As early as 1895 Hershey* described the case of an 8-year: 
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old girl who had been struck on the vertex in such a way that a triangular 
fragment of bone lacerated the superior sagittal sinus. Wharton” in 1901 
reported 70 patients with wounds of the sagittal and lateral sinuses, 5 of 
whom had been under his care. Most of these had an overlying depressed 
i-acture of the skull. Attempted repair often resulted in fatal haemorrhage. 
The clinical picture produced by sudden occlusion of the superior sagittal 
nus was described in 1915 by Holmes and Sargent” in a study of 70 cases 
en in World War I. Initial flaccidity of the limbs was soon followed by 
yasticity, particularly of the shoulder and elbow of the upper limb and the 
ikle and knee of the lower limb. The hand, fingers and hip were seldom 
ivolved. Both the arms and legs were internally rotated. In 20 of their 
ases all limbs were affected, in 31 both legs and one arm and in 16 only the 
»wer limbs. A sensory ataxia, with impairment of gross sensory perception, 
; ad some loss of position and movement sense were observed. In some cases 
ne function of the bladder was also disturbed. The general symptoms of 
icreased intracranial pressure were present in all cases. Holmes and Sargent 
‘id not operate upon the majority of these patients because of the danger of 
.evere haemorrhage. They found that gradual improvement usually occurred 
lecause, presumably, of the development of a collateral circulation. As most 
of their patients recovered and as they did not report any autopsy findings 
in the remainder, it is neither possible to state to what extent the sinus was 
occluded nor whether thrombus was responsible for the occlusion. 

Cushing* made reference to this work in his study of craniocerebral 
wounds in the first World War. However, he was of the opinion that the 
superior sagittal sinus syndrome could occur without thrombosis of the 
sinus, merely as the result of contusion of the vertex. 

Cairns and his co-workers’ found a high incidence of thrombosis of the 
venous sinuses at autopsy in cases of head wounds in World War II. In 28 
cases of penetrating brain wounds they found 11 in which there was ante- 
mortem venous sinus thrombosis. In 8 of these the thrombosis was in one of 
the major venous sinuses and in 6 it was at a considerable distance from the 
site of the injury. In all of these cases the thrombus was firm and not in- 
fected. 

Thrombosis of the superior sagittal sinus as the result of trauma without 
penetrating injury or fracture of the skull was first reported by Bagley! 
in 1934 and we have been unable to find any other report of similar cases 
in the English literature. The 2 cases here reported would seem to be similar 
to his case of a 9-year-old victim of an automobile accident. This boy was 
unconscious and thrashing about on admission to hospital. He had general- 
ised convulsive seizures starting with extreme rigidity of the limbs. Lumbar 
puncture revealed bloody fluid under a slightly increased pressure. The 
patient died on the 10th day after admission. Autopsy revealed dilatation 
of the veins emptying into the superior sagittal sinus and a thrombus which 
filled the lumen of the sinus from the torcular backwards for two thirds of 
its length. Early organisation of the thrombus was present. There had been 
no fracture of the skull. 
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Clinical, pathological and experimental studies support the contenti: 
that extensive intracranial venous sinus thrombosis can cause death. Neur: - 
surgeons have had considerable experience with the results of resection | 
portions of the superior sagittal sinus in dealing with parasagittal meningi 
mas. Jaeger,” on the basis of 10 cases of his own and 15 others report: 
in the literature, concluded that the superior sagittal sinus could be ligate:! 
or resected safely anterior to the point at which the rolandic veins enter thc 
sinus irrespective of whether or not a tumour was compressing or occluding 
this structure. It also appeared safe to remove a portion of the sinus at or 
posterior to the rolandic veins, provided the sinus had already been slowly 
occluded by a tumour. Death invariably followed resection of an unoccluded 
superior sagittal sinus at the entrance of the rolandic veins. It might be con- 
cluded that obstruction of the sinus by thrombus at this site would have the 
same effect. 

Isolated reports have appeared in the literature of superior sagittal sinus 
thrombosis without obvious cause which resulted in death. Hirsch® reported 
1 such case and found haemorrhagic necrosis of the cerebral cortex, presum- 
ably caused by this thrombosis. Bailey and Hass? also found intracerebral 
haemorrhages or softenings in cases of superior sagittal sinus thrombosis 
following meningitis. Intracranial venous sinus thrombosis sometimes com- 
plicates the puerperium, and Hyland" cites Stanfield, who found that the 
mortality rate was 56 per cent when this complicé ition was recognized. 
These observations indicate the serious effects of sinus thrombosis. 

Experimentation has been carried out on animals having a cerebral 
venous drainage different from that of man so that these results cannot be 
applied directly to human cases.* The most interesting approach to the prob- 
lem has been that of Browder and Kaplan.‘ In 44 experiments carried out 
on fresh human autopsy specimens, they were unable to fill the superior 
cerebral veins by injecting a contrast medium under a pressure of 100 mm 
of mercury into the superior sagittal sinus, the sinus being ligated just 
rostral to the torcular. With a pressure of 600 mm. of mercury partial filling 
of the cortical veins was obtained in 8 cases. They concluded that there was 
a valve-like action at the junction of the cerebral veins and the superior 
sagittal sinus which prevented reflux from the sinus. Injections of various 
media into the cerebral veins immediately lateral to the sinus demon- 
strated a relatively free anastomosis between all the cortical cerebral veins. 
Browder and Kaplan were able to demonstrate anastomoses in the antericr 
frontal region, at the sphenoparietal sinus, between the rolandic and sylvian 
groups of veins and between the rolandic and posterior groups of veins. Thev 
felt that it was unlikely that these connections were sufficiently large to 
accommodate the volume of blood that would be shunted through them } 
the sudden occlusion of more than one of the four major groups of cerebr«'! 
veins that join the superior sagittal sinus. These workers, therefore, felt the 
these channels could not constitute an effective collateral circulation. 
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DIAGNOSIS AND THERAPY 


The rarity of sinus thrombosis makes its diagnosis difficult. Some in- 
creased tone in the limbs seems to be a fairly constant feature. This condition 
ould be suspected in all patients with head injury who present evidence 
‘increasing cerebral dysfunction but have no clinical or operative signs 

extradural or subdural clot. Ray and his associates! have suggested 
ie use of superior sagittal sinus venography for the diagnosis of the condi- 
yn in non-traumatic cases. They injected 35 per cent diodrast into the sinus 
\rough a burr hole. They reported one case in which a thrombus was demon- 
rated by this method. The patient received anticoagulants after its surgical 
moval and improved gradually. The same technique might be applied to 
ises of head injury in which sinus thrombosis is suspected. 

The evaluation of therapeutic procedures such as surgical removal of 
ie thrombus, must await cases in which an antemortem diagnosis had 
en established. On theoretical grounds anticoagulant therapy would 
appear to be indicated in order to prevent extension of the thrombotic 
 rocess. However, the presence of other injuries or intracranial haemorrhage 
would undoubtedly be a frequent contraindication to the administration 
of anticoagulants. 


~ 
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SUMMARY 


Thrombosis of the superior sagittal sinus can occur as the result of trauma 
without penetrating injury or fracture of the skull. Two cases in which the 
diagnosis was established at autopsy are reported. Studies of other cases of 
fatal head injury indicated that intramural haemorrhage caused by rupture 
of small sinusoids was a common sequel of trauma to the head and that the 
resulting injury to the lining endothelium might predispose the sinus to 
thrombosis. 

The literature regarding thrombosis of the superior sagittal sinus was 
briefly reviewed. 


The authors are greatly indebted to Dr. William Keith, Neurosurgeon to the 
Hospital for Sick Children, for permission to publish the two cases of sinus throm- 
bosis and to Dr. Chester R. McLean, Pathologist to the Toronto Western Hospital, 
for granting them access to the pathological material of the second case. 
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last 20 years are well known. The mortality of patients with para- 

. plegia has been sharply reduced and the life expectancy of the indi- 

\idual patient has been lengthened by the prevention of decubiti and the 

claboration of practical methods for long-term rehabilitation of such persons. 

Of even greater importance is a better understanding of bladder physiology 

with a reduction in the incidence of chronic urinary tract infection, one of 
the more common causes of death in paraplegic patients in years past. 

The value of the contributions by such pioneers as Head and Riddoch,” 
Munro,’ and others cannot be overestimated. More recently the papers 
of Prather,” Lewis,” Freeman and Heimburger,!°" Botterell and coworkers,} 
Shelden and Bors,™ and numerous others have made possible a better under- 
standing of the physiological functions of the normal human bladder and of 
the human bladder deprived of connections with the brain, or on occasions, 
with the spinal cord. 

In brief, it has been found that in a patient with a spinal cord severance 
above the conus medullaris there may develop, after weeks or months, a 
bladder with the power to empty completely and automatically, a hypo- 
tonicity of the bladder with large residual, or a severe hypertonicity with 
small capacity. The weight of evidence points to the S3 anterior nerve roots 
as the principal nerve supply, reflex or otherwise, to the detrusor action of 
the bladder. The anterior S2 and S4 roots carry some fibers to the bladder 
but are of much less importance than the anterior roots of 53.” Consequent- 
ly, in performing anterior rhizotomy for the relief of reflex motor spasms of 
the legs in paralyzed patients, warning has been given to spare the S3 an- 
terior roots.’® This warning in general has seemed to be of importance, since 
after bilateral anterior rhizotomy of D10 through $1, patients with severe 
reflex spasms of the legs with poor bladder function have usually developed 
improved bladder automaticity. 

On the other hand, Shelden and Bors,™ and more recently Stellar,” have 


‘ DVANCES in the care of paraparetic and paraplegic patients during the 
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demonstrated similar improvement in bladder function in paraplegic indi 
viduals in whom they have injected 15 cc. of absolute alcohol into the lumba: 
subarachnoid space. Similar studies by Meirowsky, Scheibert, anc 
Hinchey'":!* in severing the $3 and S4 anterior roots have shown improve 
ment in bladder function in certain patients. The injection of absolute alco 
hol undoubtedly destroys the $3 anterior roots, previously felt to be so im 
portant in the reflex emptying of the bladder. Heimburger and Freeman’ 
have improved the capacity and emptying of the bladder of certain para 
plegic patients with hypertonic bladders by procaine injection of the S38 
roots bilaterally. 

Patients born with varying degrees of congenital anomalies known as 
meningocele or myelomeningocele in the lumbosacral or lower thoracic region 
often present problems similar to those seen in patients rendered paraplegic 
by trauma, tumor or infection. There are often other congenital anomalies 
of the nervous system or of other parts of the body, and these, combined with 
the disturbed function associated with the paraplegia in early life, contribute 
to a high mortality in this group. The number of such patients who survive 
to the age of 20 is not accurately known, but is probably small.‘ Judging from 
the report of Fisher, Uihlein, and Keith® of 350 cases seen at the Mayo 
Clinic, this would be about one in ten. However, the series included patients 
with cranium bifidum in whom the mortality is lower, and their report did 
not give details as to the number of patients with such congenital defects 
of the lower spine who survived to the age of 20 years. Likewise, the reports 
of Ingraham et al.‘ and of Cohn and Hamby’ do not clarify that point. 

There is little question, however, that the incidence of incontinence of 
urine and feces in patients with meningocele and myelomeningocele of the 
lumbosacral region is high.’ Numerous surgeons have attempted to alleviate 
these difficulties with control of excreta by colostomy, ureterosigmoid 
anastomosis, the creation of closed loops of bowel in which the urine can 
be stored, and numerous mechanical aids for the control of urethral emptying 
of the bladder. It is only fair to say that no one of these methods has suc- 
ceeded in benefiting such patients with sufficient frequency to be adopted 
as a standard procedure. It is possible, however, that the application of 
knowledge gained about the reflex emptying of the bladder in paraplegic 
patients can be used to advantage in certain patients with congenital lesions 
of the lower spine. The apparent success to date of a procedure in which this 
was done has stimulated this report. 


CASE REPORT 


NCBH No. 136996. M.D., a 23-year-old single white female, was admitted on 
Jan. 16, 1952 for correction of urinary incontinence. 

When she was born it was noted that she had a small dimple in the midline ove! 
the sacrum. She had been incontinent of urine and feces since birth. There had bee: 
weakness of the legs and deformities of the feet, the latter requiring arthrodesis 
Her mental development had been normal and her physical development, excep! 
for the abnormalities already noted, was normal. There had been no difficulties 
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above the level of the waist, the head was not enlarged, and the neck was not stiff. 
She had succeeded in maintaining fairly satisfactory bowel control by remaining 
nstipated and giving herself an enema every day or every other day. 

Her urinary control, however, was a serious problem. She was wet almost con- 
s'untly. In September 1951 she was admitted to another hospital where after exten- 
« ve studies with cystometrograms the external urethral sphincter was tightened 
han anterior colporrhaphy. This had resulted in her remaining dry for as long as 
2 hours during the day but necessitated firm suprapupic pressure for emptying of 
t e bladder. She still was not continent of urine at night. 

There was no history of deformities in other members of her family. 

Examination. Temperature was 98°, pulse rate 80, respiratory rate 16, and B.P. 
1} 0/80. The patient was well proportioned and attractive. There were no abnormali- 
t. s above the level of the chest. 
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Fig. 1. Preoperative cystometrogram. 


She walked slowly with a limp on the left side. There was a midline dimple of the 
skin over 52-83, measuring 1 to 1.5 cm. in diameter and covered by thin translucent 
skin. When the skin was retracted downward, there was a deep indentation of the 
dimple, indicating an attachment cephalad to this point. 

There was poor development of the legs. There was marked weakness of plantar 
flexion and moderate weakness of dorsiflexion of the feet, much greater on the left. 
The scars of operation for arthrodesis of the ankle were evident on the left side. 

There was almost complete anesthesia below L4 on the left and below S1 on 
the right. There was complete saddle anesthesia and in only isolated spots could the 
patient distinguish gross painful stimuli on either leg below L5. There was relaxa- 
tion of the anal sphincter. 

Blood was normal. NPN was 32 mg. per cent. Urine contained 1-2 WBC per 
high power field; concentration was 1.014; albumin was negative. 

Roentgenograms of the lumbar spine showed a widening at the spinal canal at 
L4 and L5, with a spina bifida at L5. 

Intravenous pyelography disclosed no abnormality of the upper urinary tract. 
A cystometrogram showed a hypotonic type of bladder with gradual rise until the 
bladder reached 400 cc., at which time there was a fairly sharp rise in the column of 
fluid (Fig. 1). There was residual urine of between 90 and 110 ce. 
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Electromyograms of the bladder were made by previously described tec! 
nique.?*6.7 An especially constructed sheath* was passed through the urethra an: 
two ball electrodes of silver-silver chloride were brought into contact with th 
bladder wall near the base. The insulated spring leads maintained one electrode i; 
contact with either lateral bladder wall during the examination. A third channel « 
the sheath, connected to an irrigation flask and water manometer, permitted varia 
tion in the degree of distention of the viscus and observations of change in intra 
vesical pressure. The electrodes were connected to the Grass electroencephalograp! 
Model III-C and the bioelectric action potentials accompanying muscular activit: 
of the detrusor were recorded in wave form. Spontaneous and voluntary muscula 
activity of the bladder was thus studied in the resting or nearly empty bladder anc 
with varying degrees of filling. The electromotive force (E.M.F.) and duration o! 
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Fic. 2. Electromyographic records of muscular activity of the bladder. 


each electropotential shift or wave was calculated as previously described.*7 The 
interpretation of these records, as based on previous experiments, would indicate 
that the initial A wave is unaccompanied by muscular contraction and is thought 
to represent spread of the excitatory process, while the ensuing B and C waves of 
a single electropotential shift are accompanied by muscular contraction. The magni- 
tude of the E.M.F. of the B or C wave at any given instant is a function of the vector 
sum of the bioelectric action potentials of all the excited muscle cells at that particu 
lar moment and hence an indication of the mass of active muscle. The duration of « 
single B or C wave is considered to be a reflection of the integration of detrusor 
activity as successive contractions of contiguous muscle cells occur. For example 
spasm of a large part of the detrusor is represented in the electromyogram by a ver: 
high E.M.F. of up to 8.0 mv. but of relatively short duration. 

The results of this examination of the patient on two occasions prior to operatio! 
were identical. Fig. 2 illustrates the average spontaneous waves obtained from th: 
resting bladder. These were of shorter duration and the average E.M.F. was les 
than that of the normal bladder (Fig. 2). Unlike the normal, which exhibits a spon 


* Provided by Mr. Frederick J. Wallace of the American Cystoscope Makers, Inc., New York, N.% 
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‘aneous pattern of strikingly constant duration and E.M.F., there was a marked 
‘ariation in the E.M.F. of both A and B waves, and an occasional wave was much 
vreater than normal with a maximum of 1.52 mv. for the A and 1.90 mv. for the 
3 waves. In no instance was there a duration of either A or B waves that approached 
he normal. Voluntary efforts to void resulted in electromyograms of considerably 
ess than normal E.M.F. and duration. 






ination 
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Spinous process 





¥ Goodiin— 


Nucleus pulposus 


Fig. 3. Artist’s drawing of operative findings. The herniation of the nucleus pulposus 
at L4 was considered an incidental finding. 


It was concluded that these studies indicated abnormal parasympathetic inner- 
vation of the bladder with poor integration of the detrusor as a whole and occasional 
“spasmodic” contractions. Muscular contractions appeared to be limited to seg- 
ments of the bladder that, in the absence of either normal bladder tonus or a satis- 
factory mass contraction of the detrusor as a whole, were incapable of emptying 
the viscus. 

Pantopaque myelography on Jan. 21, 1952 showed an unusually wide sacral 
canal over the lower lumbar region with a very sharp midline defect at L4. The 
column of oil deviated around this on either side without obstruction. It was of in- 
terest that the patient experienced a considerable amount of pain during the inser- 
tion of the needle, but the spinal fluid was clear, free of cells and contained protein of 
30 mg. per cent. 
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1st Operation, Jan. 23, 1952. The fibrous tract leading directly to a globular mas: 
of firm tissue attached to the dorsal tip of the conus medullaris was excised (Fig 
3). This was a direct fibrous communication between the skin and the spinal cord. 
Laminectomy at L4 and L5 was carried out, the laminae of the latter being soft and 
cartilaginous. The ligamentum flavum beneath L5 was intact and removal of it per- 
mitted dorsal expansion of the dura mater as if it had been constricted by this tis- 
sue. When the dura mater was opened, it was apparent that the tip of the conus 
medullaris lay at the level of L5-S1. The canal was at least twice as large in all 
diameters as normal at this level. Associated with this caudal location of the 
conus medullaris, the L3 nerve roots passed upward at an angle of 10 to 20° in 
their course from the spinal cord to the intervertebral foramina. The L4 root on 
the right passed transversely outward, that on the left was absent. The L5 root on 
the left was larger than the other roots, and both L5 roots, right and left, passed 
downward slightly to their exit from the spinal cord to the intervertebral foramina. 
The sacral roots were small and were asymmetrically placed, the intervertebral! 
foramina on the left being 2 to 3 mm. lower than those on the right. 

There was a 2.0 cm. mass of scar tissue on the dorsal tip of the conus to which 
the fibrous tract in the skin was attached. Except for meticulous division of all 
fibrous connections between this and the surrounding dura mater, it was not other- 
wise disturbed or dissected. It resembled grossly the mass of nerve tissue often seen 
at the base of a myelomeningocele removed from the lumbosacral region of infants. 

At the level of L4 in the midline there was evident, when the cord was displaced 
to the right, a very prominent bulge anterior to the cord. Because of the wide 
diameter of the canal and the attachments of the cord to the nerve roots, the cord 
was suspended dorsally and it was found that this mass was apparently not in con- 
tact with the cord. It was white, 1 cm. high, and 0.6 cm. broad at its base. The an- 
terior dura mater was opened and the mass, which was cartilaginous, was removed. 
The pituitary rongeur could be passed into the intervertebral space through the 
opening created by removal of the protrusion, and further fragments of the inter- 
vertebral disc were thus removed. It was the impression at the time of operation 
that this mass, prominent as it was by myelography and at the time of direct visual- 
ization, did not actually contribute in any way to the patient’s disability. It was 
completely removed. Following this, the dura mater was tightly closed and the 
wound was closed with silk. The patient withstood the operation well. 

Pathological Diagnosis. Fibrocartilage. 

2nd Operation. After satisfactory healing of the wound had taken place, the 
patient was returned to the operating room on Jan. 30, 1952 and under genera! 
anesthesia the wound was re-opened. A #18 Foley catheter was inserted into the blad- 
der and attached to a water cystometer apparatus. The nerve roots were again iden- 
tified, using as identification the 4th lumbar interspace at which the protrusion of 
vartilage had been removed and the 2nd sacral interspace at which a silver clip had 
been placed at the Ist operation and confirmed by a roentgenogram taken before th« 
2nd operation. 

The level of the cystometer was adjusted to that of the partially filled bladder 

Stimulation with 8 volts of faradic current resulted in movement of the hips and 
legs when the L3 and L4 roots were stimulated. Stimulation of the 5th lumbar and 
Ist and 2nd sacral roots resulted in no muscular movement and no change in th« 
level of the cystometer. 

Stimulation of the 3rd sacral root on the left resulted in a rise of fluid level in the 
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cvstometer of 11 cm. On the right side the rise was approximately 5 cm. These re- 
its were obtained on repeated stimulations of equal voltage. 

Stimulation of the S4 roots and of the filum terminale gave no response. 

The 3rd sacral roots were then carefully isolated bilaterally and crushed with a 
‘aight hemostat. Anterior and posterior roots were not separated because of their 
iall size. All remaining roots were left intact. The wound was closed in layers with 
l- 

Postoperative Course. An indwelling catheter was left in place. On one occasion 
en the catheter was removed, a residual of 1200 cc. developed and the patient 
is not able to empty her bladder at that time. She was discharged from the hos- 
al with the catheter in place. 

Feb. 13, 1952. The patient was able to void 200 cc. of urine with a residual of 60 

Her urine contained a few pus cells. 

Feb. 18, 1952. The patient voided 300 cc. with complete emptying of the bladder. 

Feb. 28, 1952. The bladder held 400 cc. of urine; no infection, and no residual. 
e found that she could hold her urine 8 hours without voiding and was not wet at 
i ght. 

Aug. 7, 1952. Patient maintained her bladder control 4 to 5 hours at a time with- 
».t emptying her bladder. She then emptied her bladder completely without residual. 
ie had had no pain. She was not incontinent at night. 

Sept. 26, 1952. The cystometrogram was repeated (Fig. 4). The bladder showed 
tiie typical hypotonic chart. There was no infection of the urinary tract. Electro- 
myograms of the bladder at this time indicated only an occasional wave occurring 
about once in 3 minutes in the resting bladder with very low E.M.F. and of short 
duration (Fig. 2). There was complete absence of any bioelectric potential with vol- 
untary efforts to void. 
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Fic. 4. Postoperative cystometrogram. 


DISCUSSION 


The exact mechanism by which the function of this patient’s bladder 
has been so strikingly improved by crushing of the 3rd sacral roots is not at 
once evident. Correlation of the cystometric and electromyographic studies 
suggests that she had marked hypotonia of the detrusor with contractile 
hyperactivity of segmental character.? These hyperactive segmental con- 
tractions were completely abolished by block of the 3rd sacral roots. It is 
conceivable that elimination of these segmental “spasms”? may permit an 
integrated contraction of the detrusor as a whole. The “trigger’’ mechanism 
for such an emptying contraction may arise from the intrinsic innervation 
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of the detrusor, either as a result of physiologic filling of the bladder (‘“‘stret: 
reflex”’), or a sudden increase in intravesical pressure secondary to volunta; 
increase in intra-abdominal pressure applied as bladder filling approach: 
the critical capacity. 

The electromyograms in this patient following sacral nerve crush are j); 
complete accord with the recent report of Corey and Vest,* who have demo: 
strated that the typical ““A-B” wave complex in a variety of experiment: 
animals can be elicited only by stimulation of the parasympathetic nerves 
or by administration of acetylcholine. 

Reference should be made to a similar case reported in 1944 by Mere- 
dith.!® His Case 2 had difficulty with his legs and bladder. At operation the 
tip of the conus medullaris seemed to be bound down by scar tissue at the 
lumbosacral level and freeing of the adhesions resulted in “recession cephal- 
ward of the entire cord.” Postoperatively there was improvement in bladder 
function, apparent loss of anesthesia in the legs and increase in motor power 
of the legs. 

In our case, the conus did not move upward when freed of adhesions 
and in fact the cord was well relaxed. The finding of a sharp rupture of the 
nucleus pulposus at the L4 interspace was felt not to have contributed to 
the production of cord signs or symptoms, although this possibility cannot 
be denied. It was our impression that crushing the S53 nerve roots effected 
the change in bladder function. There has been no change in the legs since 
operation. 

Although this approach to bladder incontinence has been used in patients 
rendered paraplegic from other causes, it has not been reported as useful in 
sases of the defect termed myelomeningocele. This new technique may 
offer hope of bladder control in these patients with myelomeningocele who 
survive and are otherwise relatively intact. The value of the anterior col- 
porrhaphy performed several months previously is difficult to assess. Pos- 
sibly it has contributed to the success in bladder control following the crush- 
ing of the S3 nerve roots. The fact that it required several weeks for this 
individual to develop bladder control after crushing of the S3 roots would 
indicate that conclusions concerning alteration of bladder function by 
procaine block of various sacral roots might not be valid. 

This particular method has apparently not been previously applied to 
a patient with a congenital defect of the spine and it is entirely probable 
that only a relatively small number of patients with such congenital defecis 
would be amenable to such therapy. However, this approach to the problem 
in patients with myelomeningocele and urinary incontinence may in thc 
future result in great improvement of bladder function in these individuals. 
It is most distressing in certain young people who are otherwise well and ab 
to get about fairly adequately to see the social ostracism that results fro: 
constant urinary incontinence. 
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SUMMARY 


1. An adult patient with urinary incontinence from a small myelo- 
ningocele has been reported. 

2. Operative findings included the tip of the conus medullaris at the 
nbosacral level and a midline ruptured nucleus pulposus at L4, the latter 
parently causing no encroachment on the cord. 

3. Bladder continence has been gained since operation, apparently as a 
sult of crushing of the S3 nerve roots, the only apparent efferent nerve 
pply of the bladder. It would appear that blockage of the abnormal para- 
npathetic outflow permitted a more effective coordination and mass 
ntraction of the detrusor in response to physiologic filling of the viscus. 
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and Dejerine,® the area of the dominant cerebral hemisphere most 

intimately associated with the function of speech has been considered 
o be that part that centers about the lateral portion of the central (Rolandic) 
sulcus and the adjacent portion of the lateral (Sylvian) sulcus. Bouillaud** 
iad previously stressed a relationship between the frontal lobes and motor 
speech and Auburtin' described an experiment on a patient of Cullerier 
in which light pressure with a spatula on the exposed frontal lobes caused an 
immediate interruption of speech during interrogation. Because of interest 
in language disorders associated with lesions of more medially situated areas 
of the dominant hemisphere, we have assembled data that bear upon this 
subject. 

Parasagittal meningiomas may be associated with language dysfunction 
of variable degree. In 1879 Magnan" reported the case of a 61-year-old 
woman, who, he stated, “was unable to give any account of herself. She pro- 
nounced words or monosyllables without connection, and could not name 
objects. She reflected, tried, became impatient, wept occasionally, but was 
unsuccessful; but occasionallly she hit upon the right name, on which her 
countenance expanded, and she seemed pleased at her success. She had the 
irritability, sensibility and mobility of aphasics, generally.” She had a right 
hemiplegia and “having a cardiac affection so it was natural to suppose em- 
bolism and softening of the third frontal convolution on the left side, the 
insula, corpus striatum and deep parts. On post mortem quite a different 
affection was actually found.” The calvarium was adherent at the vertex 
and there was an osseous elevation at the posterior part of the left frontal 
and anterior part of the parietal bones on the inner side. Reflection of the 
dura mater disclosed a tumor “inserted in the internal aspect of the dura 
mater.” The tumor projected into the posterior half of the first two frontal 
convolutions and the upper two-thirds of the ascending frontal. ““Notwith- 
standing the immediate proximity of the tumor, the cortex of the third 
frontal had not been softened.”’ The tumor was composed of considerable 
connective tissue with fusiform cells in some places, and in others polygonal 


Si the classical descriptions of Broca,’ Pierre Marie,’ Wernicke” 





* Presented at the 19th Annual Meeting of the Harvey Cushing Society, April 27, 1951, Hollywood, 
Florida. 
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cells with one or more nuclei and only traces of connective tissue. The diag- 
nosis was “‘neuroglia sarcoma”’ of the frontal lobe. 

Elsberg’® in 1931 stated “‘Parasagittal meningiomas over the left cerebral 
hemisphere, even if not large, sometimes produce definite disturbances of 
speech, either a sensory or motor or mixed type of aphasia. . . . The growths 
are often not large enough to make direct pressure upon the areas in which 
the centers of speech are supposed to lie, nor is the intracranial pressur 
seen at the operating table sufficiently high to permit one to predicate a 
diaschysis in von Monakow’s sense.” 

In the Cushing and Eisenhardt’ monograph on meningiomas, there are 
noted 7 instances of left parasagittal meningiomas (Cases 16, 25, 28, 30, 
36, 37 and 51) occurring in right-handed individuals in association with 
speech disturbances. A review of the records in these cases, all of which were 
from Dr. Cushing’s service at the Peter Bent Brigham Hospital in Boston, 
was made and the following pertinent data were abstracted: 


Case 16. S.S., a woman aged 41, had severe headaches for 3 years with failure 
of vision, blindness, and weakness of the right arm and leg. She spoke no English 
and the history was obtained through her husband. 

The following notes were made regarding her speech. “Patient apparently has 
an aphasia of moderate degree, husband stating that patient often uses the wrong 
words.”” Dr. Horrax noted “‘the husband is also very sure that the patient’s speech 
has been affected.”” A month after admission, the husband observed that the pa- 
tient’s speech had become distinctly poorer and he found great difficulty in under- 
standing her. 

Operation was carried out in two stages. At the first, a left temporal bone flap 
was reflected and at the second session, the area exposed had to be enlarged with 
rongeurs. A 60 gm. parasagittal meningioma was removed which. from Dr. Cushing’s 
sketches, would locate it in a position straddling the fissure of Rolando at the mid- 
line (Fig. 1). 


Case 25. C.J.T., a 48-year-old lady, complained of paralysis of her right side and 
inability to talk. For 15 months she had had headache and had become dull mentally. 
Convulsions involving the right arm and leg had occurred for about 10 months. She 
became drowsy, cerebrated slowly and her memory failed. She also had much 
difficulty talking. 

She had bilateral papilledema, right hemiparesis and there was no apraxia. 
‘*Patient is very slow in ali her answers. She knows the month, the day and the date 
and what hospital she is in. She is able to name all the objects in the room excepting 
the electric lamp. She could not get the name for that. Also, in general conversation, 
it is apparent that at times she has great difficulty in finding the right word. She does 
not mispronounce words or use wrong words.” Her husband also noted that “for 
the past 2 months she has had difficulty in finding the right word at times.” He 
thought that she understood perfectly everything that was said to her. 

The tumor measured 8.5 cm. in length and extended fairly well forward of the 
fissure of Rolando and half of its bulk was anterior to the dividing line between the 
frontal and central thirds of the longitudinal sinus. The tumor weighed 162 gm. and 
was removed in a two-stage procedure (Fig. 2). 

Toward the end of the operation she kept repeating “I want to” and many 
attempts were made to supply the blank, asking if she wanted a drink, etc., but 
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Fig. 2 


chortly afterwards she said “I want to get well.” Because of her difficulty with 
speech during the procedure, a running series of notes was made about her speech 
for a period of 4 hours after operation. A few days afterwards it was noted that she 
pronounced her words well but she had occasional difficulty in getting a sentence 
started although it was evident she knew what to say. A week after operation it was 
observed that there was “‘no aphasia.” 


Case 28. P.F.D., a man aged 42 years, complained of failing vision, dizziness and 
headaches for about 5 months. His family had also noted slowness and failure of his 
memory, but on examination he had difficulty in understanding what was said to 
him and questions had to be repeated before he understood. He answered slowly, 
with some difficulty, and often paraphrased. He 
avoided nouns. In attempting to explain the 
difficulty he had in talking, he said “I—TI don’t 
know, I don’t seem to have the same track 
twice.”” He had no definite anomia although he 
had to stop and consider before giving the name 
of objects. Dr. Horrax noted “very marked dif- 
ficulty in calculation and some hesitancy for 
words,” and subsequently said “the speech dis- 
turbance and mental symptoms are the only 
things of any localizing significance in_ this 
case.” 

A left frontal parasagittal meningioma was 
removed by Dr. Horrax (Fig. 3). 

A week after operation there was “very 
marked improvement in speech which patient 
himself recognizes.” Three weeks after opera- 
tion he “‘has a slight hesitation in talking from Ise 
time to time and gropes for phrases rather than 
for words.” 
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Case 30. B.K., a lady aged 26, complained of failing vision, had headaches {: 
8 years, weakness of the right leg for 1 year and “about 1 month ago she becam 
conscious of the fact, particularly at some times more than others, that her tongu 
felt thick and large and speech was slow. She wishes to talk rapidly but can talk on! 
slowly.”” She had papilledema, right facial weakness and answered questions qui! 
definitely slower but no aphasia was demonstrable. 
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A ventriculogram disclosed a “‘tumor of th 
left hemisphere depressing the ventricles.” .\ 
left parasagittal tumor straddling the junction 
between the frontal and central thirds of the 
longitudinal sinus was removed (Fig. 4). 

On the following day she was able to answer 
only by “‘yes” and “no.” She indicated that her 
speech was limited to this extent. A fortnight 
after operation (2nd stage): “‘speech still hesi- 
tant; difficulty in finding words.” A month 
after the 2nd-stage operation, Dr. Leo David- 
off noted “quite marked aphasia, anomia and 
inability to express self in adequate language.” 


Case 36. W.H.B., a 31-year-old man, com- 
plained of weakness of the right side and con- 
vulsions of the right arm and face of 3 months’ 
duration. For 2 months he had had intermittent 
difficulty finding words to express himself. He 
knew what he wanted to say but the words ut- 


tered did not make sense and had no connection with his thoughts. If he talked 

slowly and took a great deal of time about it, he could make simple things intelligible. 

Subsequently he had a convulsion and “his motor aphasia was even more marked and 

he found that he could see a newspaper but the words did not mean anything to him.” 
Examination disclosed weakness of the 

right upper extremity, early papilledema and 


some difficulty in finding words to express his te eR 
thoughts. He had to spe ak slowly to have his j amie tea 
sentences make meaning. Dr. Fulton noted 1 Ye ae / >. 
“patient speaks slowly, occasionally seems to \\ y'/ / 
have difficulty in finding the word he wants. — / \ Wuee 


Names simple objects such as button, pen, 





nose; became a little confused when asked what 
his sister’s children’s names were. Smiles in a 
rather vacant way when questioned but does 
not seem particularly troubled or self-conscious 
on account of his disability. Says that he has 
not been able to follow the thread of stories and 
“annot seem to appreciate what he reads in 
newspapers. Cannot write with right hand, 
says he can hold a pen but it will not percolate.” 
Dr. Cushing removed a large frontal para- 
sagittal meningioma (Fig. 5). 
After the operation the patient had to fum- 
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ble considerably to express himself. Commands had to be repeated two or three 
mes before he comprehended and obeyed. About a month after operation, his 
s»eech was adequate for conversation. “Abstractions were still poorly handled. He 
is alert and intelligent but verbal mentation was slowed.” 


Case 37. D.W., a 54-year-old lady, complained of convulsions involving the left 
m and left leg for a period of a few months, headaches and blindness. She had some 


nfusion “particularly in talking and finding 
imes.”’ Her speech disturbance included dif- 
‘ulty in comprehending what she said al- 
ough she understood other people perfectly 
ll. 
Examination disclosed definite anomia and 
e confused somewhat similar sounding names 
dissimilar objects. Sometimes anomia and 
hasia were marked symptoms. There was bi- 
teral papilledema of 4 D. The strength of the 
zht side was better than the left; all reflexes 
. ere brisk; both plantars were extensor and the 
rays demonstrated increased vascularity in 
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ie left frontal bone. 


Dr. Cushing removed a left frontal para- 


s 


igittal meningioma (Fig. 6). 


Two years after discharge she died at a psy- 
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chopathic hospital and postmortem examination disclosed a bilateral parasagittal 
meningioma limited to the frontal poles and about as large on one side as the other. 


Case 51. J.O., a 30-year-old man, complained of right-sided weakness, failing 
vision, headache and vomiting of 9 months’ duration. “For three to four months it 
had been embarrassing to him to discover that he was unable to get words out. He 
believes that he has never miscalled objects or people, but many times has difficulty 
in saying the things he wants to say, and at times, gets words twisted, always being 
aware of this himself however. He has had no difficulty in understanding written or 


spoken words.” 


Sa eee, 
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Examination disclosed bilateral papilledema, 
right homonymous hemianopia, right hemipa- 
resis and paraphasia. “Aphasia is not easily 
elicited on examination although there is a defi- 
nite history which is almost conclusive. He has 
no true anomia, no alexia, no apraxia. He is un- 
able to write because of the paresis of the right 
hand. In giving an account of his present illness 
he frequently, however, gets words mixed up, 
particularly the names of things, but immedi- 
ately discovers the defect and sets about cor- 
recting it.” 

Dr. Cushing removed a large parasagittal 
meningioma from the frontal region which ex- 
tended back just beyond the central fissure 


(Fig. 7). 
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About 3 weeks after operation, it was noted that he had “much less speech he §- 
tancy” and a little later Dr. Bronson Ray noted “aphasia very slight now.” 


The following 2 cases of parasagittal meningioma were studied on tie 
Neurological Division of St. Vincent’s Hospital, New York. 


Case L.R. A 30-year-old man was admitted to hospital on Nov. 24, 1948. He hid 
had a convulsion 2 months previously after which he had speech difficulty of a very 
transitory nature which occurred 2-3 times a day for about a fortnight. Subsc- 
quently, this became more noticeable and he had difficulty forming words and 
sentences. A month before admission the right lower extremity became weak and 
shortly thereafter the right upper extremity was involved. He then had seizures 
involving the right side of his body. 

Examination disclosed a right hemiparesis. He was left-handed; his mother was 
left-handed and his sister was ambidextrous. He had no very striking speech dis- 
turbance other than some hesitancy but no difficulty naming objects. An EEG re- 
vealed left frontal focal slowing, most intense near the midline. A ventriculogram 
disclosed a depression and shift of the anterior part of the left ventricle toward the 
right. 

At operation on Dec. 1, 1948, a tumor mass, 3X3 cm., weighing 30 gm. and situ- 
ated along the falx, was removed from the left posterior frontal lobe in the para- 
coronal area. The tumor was a highly malignant type of meningioma. 

After operation there was a striking motor aphasia. This case 
was of interest not only because of the situation of the neoplasm, 
but also because of the occurrence of a speech disturbance in a 
left-handed individual of left-handed stock, the lesion being in 
the left hemisphere (Fig. 8). 


Case O.R. A 51-year-old lady was admitted to the hospital as 
a patient of Dr. J. T. Daniels on May 28, 1948 because for 3 
months she had had weakness of the right side, difficulty in 
thinking clearly, and stammering. Her doctor wrote “The pre- 
senting difficulty according to the patient’s diary was a sudden 
change in legibility of her handwriting. This was followed by 
semantic and syntactic aphasia, later including a nominal defect 
of speech.” 

Examination disclosed a right hemiparesis, mental inapti- 
tude and a disturbance of naming objects. There was hyperosto- 
sis of the skull in the coronal region over the midline. An ERC 

Fic. 8 disclosed a left frontal slow wave focus and a pneumoencephal 
gram revealed a shift of the ventricular system to the right, t! 
anterior horn and body of the ventricle being displaced downward to the right. 

On June 22, 1948, partial removal of a left frontal parasagittal meningioma w 
carried out, but the patient failed and expired on June 24, 1948. 

At post mortem the tumor obliterated the longitudinal sinus completely, mea 
ured 2 em. in width and 5 em. in length and extended over into the opposite hen 
sphere (Fig. 9). Histologically, it was a meningioma. 





Erickson and Woolsey" reported focal epileptiform seizures beginnii 
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wth intermittent vocalization, reminiscent of that produced in other pa- 


ee 


tients by stimulation of the “supplementary motor area,” in a patient with a 

iall paracentral meningioma compressing the supplementary motor area. 
‘or 3 days after operation this patient had “‘a slight motor aphasia.” They 
scribed 2 additional patients with bilateral frontal parasagittal (“‘saddle- 
b g’’) meningiomas just rostral to the precentral gyrus, both of whom had 
p ofound motor aphasia. Sweet*! described the findings in a patient with a 
ningioma lying at the junction of the falx and the 
perior lateral surface of the dura mater, just ahead of 
tie rolandic motor cortex. ““This meningioma was so 
s) all it did not produce any increased intracranial pres- 
sre, nor was there any distortion or displacement of 
t! e lateral ventricle in the pneumo-encephalograms. . . . 
S-izures began with sudden inability to say what she 
\ inted to say and instead she would simply say “I, I, 
1. I, 1, I, I.” This would end after a few seconds and the 
pitient would then be able to speak properly. On a few 
o-casions this type of seizure was followed by a typical 
generalized convulsion.” 

Intrinsic tumors of the medial portion of the dom- 
inant cerebral hemisphere may also be associated with 
clinical evidence of language disturbance. In 1882 Fic. 9 
Hughlings Jackson" described the case of an adult male, 
subject for many years to occasional seizures starting in the right foot, in 
whom a tumor of the medial portion of the left cerebral hemisphere was ul- 
timately found. At one phase, he mentioned that the patient’s “‘fits began by 
inability to talk, probably aphasia.”’ On one occasion he was unable to speak 
for three minutes and a half, but no spasm was noted; the patient, however, 
felt “twittering” in his right toe. Hess” scrutinized 245 cases of hemispheric 
tumors for “‘misleading”’ neurological signs and distant electroencephalo- 
graphic slow wave foci. Two thirds of the “‘false”’ clinical signs occurred in 
cases of left-sided lesions; “false” clinical signs were found in one-quarter 
(61 cases), one-eighth belonging to the aphasic syndrome. 

Experience with the following cases of metastatic carcinoma prompted 
the present study. The patients were both right-handed and were studied 
on the Neurological Division of St. Vincent’s Hospital, New York. 
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Case R.B. A 50-year-old man had had a pneumonectomy for carcinoma of the 
lung performed about 9 months prior to admission. Two weeks before admission he 
told his wife he had trouble writing at work. His wife stated that about 10 days prior 
to admission his speech was “‘confused” and “did not make sense.” A few days be- 
fore admission he was found unconscious on the floor, following which weakness of 
the right upper extremity was apparent. 

Examination disclosed a right-sided hyperreflexia, right extensor plantar re- 
sponse and a marked mixed aphasia. On occasion he could repeat phrases that he 
heard, could follow simple commands and answer simple direct questions. The EEG 
disclosed a left frontotemporal slow wave focus. 
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A large frontotemporal bone flap was reflected and a metastatic tumor, 4X5 c1 
in size, situated close to the midline in the frontal region (Fig. 10), was enucleate: 

At postmortem examination 5 days later no other metastatic or gross lesions . 
the brain were present. 


Case E.G. A 57-year-old man had speech impairment of about 3 weeks’ duratio: 
parietal headache, failure of memory and change in personal habits. His wife cha 
acterized the alteration in speech as one in which the patient’s “conversation becan: 
less and less” and finally reached a “tyes or no” stage about a week before admissioi:. 
He apparently could not comprehend what he read at this time. A few days befor: 


Fic. 10 Fig. 11 


admission he said without apparent reason “I went to the . . . Paper Company and 
did very good, very good, very good.” 

Examination disclosed right facial weakness, right extensor plantar response and 
right hemiparesis. He could name objects correctly, carried out simple commands, 
and could identify persons properly. He could read aloud, but could not comprehend 
the contents of what he had read. The EEG disclosed a frontal slow wave focus 
most intense near the midline. 

Following ventriculographic studies, a left frontoparietal bone flap was made 
with extirpation of a metastatic tumor of the frontal lobe (3X2 X1 em.) near the 
midline (Fig. 11). 

Postoperatively he was completely aphasic for several days, but gradually im 
proved thereafter. At autopsy 7 months later there was no evidence of other metas 
tases to the brain; a hypernephroma of the kidney was present. 


Lesions of the dominant cerebral hemisphere associated with occlusio: 
of the anterior cerebral artery may be associated with significant languag: 
disorder. Liepmann and Maas" reported the case of a 70-year-old diabeti: 
man with onset over a 24-hour period of a right hemiparesis and inability t 
speak. After a few weeks, he made attempts to speak, but his speech wa 
not clear. He could repeat single letters as well as words. Reading aloud 0 
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single letters was undisturbed, although he made a few mistakes on reading 
everal words. Because of the right-sided paralysis, an attempt was made to 
nave the patient write with the left hand, but spontaneous and dictated 
-peech could not be written with the left hand. At postmortem examination 
here was softening in the distribution of the left anterior cerebral artery 
rom the frontal to the paracentral region, involving also the left half of the 
corpus callosum. Critchley® mentioned that speech defects of various types, 
isually transient, may occur with left-sided anterior cerebral artery lesions 
ind characterized these as being defects partly of an aphasic order and partly 
lvsarthric. Hyland™ reported the case of a 61-year-old woman with throm- 
osis of the common trunk of an anomalously distributed anterior cerebral 
irtery which divided into two branches at the dorsum of the corpus callo- 
um, in whom aphasia was a prominent sign. Davison, Goodhart and 
Needles* remarked that aphasia, generally temporary, if encountered in 
‘ases of anterior cerebral artery lesions “is due to edema or pressure.” 
Poppen!® mentioned the presence of aphasia following left anterior cerebral 
artery ligation during surgery in the last 2 of 10 cases he reported. In his 
Case 9, a large meningioma of the left frontal lobe attached to the anterior 
portion of the falx at the level of the genu of the corpus callosum was re- 
moved and the left anterior cerebral artery was ligated. After this there was 
“complete aphasia,” which disappeared and was considered to be “no more 
than that observed after a left craniotomy in which considerable edema oc- 
curs owing to necessary manipulations of the brain.”’ In his Case 10, a 
metastatic carcinoma attached to the lower margin of the falx and the an- 
terior cerebral vessels was enucleated and the main trunk of the left anterior 
cerebral artery was ligated. Postoperatively the patient was aphasic and 
was “still somewhat aphasic” 2 months later. 

From clinical neurophysiological studies there are indications that the 
medial portion of the dominant cerebral hemisphere may play a part in 
speech. In 1940, Brickner‘ reported the findings upon electrical stimulation 
of the mesial cortex of the left cerebral hemisphere in a 32-year-old right- 
handed woman with a history of major and minor seizures since the age of 
17 years. At operation, during routine cortical exploration, an area approxi- 
mately 1 cm. in diameter was discovered “accidentally” which was low down 
in area 6 (Brodmann), at its junction with the posterior superior portion of 
area 32, which on stimulation caused the patient to utter, in a stereotyped 
manner, syllables resembling “err, err, err.”” When the patient was asked to 
say the alphabet and an electrical stimulus was applied to this area, repeti- 
tion of the syllable last spoken occurred for the duration of the stimulus, 
following which the continuation of the alphabet was immediately resumed. 
The letters repeated were slightly distorted and their rate of production was 
slightly slower than the rate at which the patient recited the rest of the al- 
phabet. The patient stated she was fully aware of what was happening, but 
could not check herself. Histological study of the area disclosed no abnor- 
malities, 
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Smith’s”® studies on electrical stimulation of the rostral cingular cortex o/ 
monkeys indicated that vocalization response, identical to that made by th« 
animal under the usual conditions of laboratory existence, can occur. At 
times the “vocalization” appeared as part of a complex reaction character- 
ized by opening of the eyes, dilatation of the pupils and vocalization. Move- 
ments of the facial muscles, usually bilateral, often accompanied the vocali- 
zation with protrusion, rounding or retraction of the lips. While a low. 
pitched gutteral sound was the one most frequently obtained, there occurred 
at times, cries, soft and plaintive, such as the animal makes at feeding time. 
While ordinarily such vocalization response occurred only upon electrical! 
stimulation of the rostral cingular zone, it was noted that after the produc- 
tion of vocalization, the immediate excitation of the cortex above the cingu- 
lar gyrus also resulted in a vocalized response. 

Penfield and Rasmussen" reported “arrest of talking” on stimulation of 
the most medial portion of the convexity of the cerebral hemisphere in the 
region of area 6, or of the supracingular zone of the paracentral lobule. They 
stated: 

“Two bilateral cortical areas of vocalization, Rolandic and superior frontal, have 
been demonstrated in man. Electrical stimulation of either of these areas, in either 
hemisphere, may produce vocalization or it may produce arrest of speech. The dif- 
ficulty in speaking applies to all words alike. In no case yet observed has it pro- 
duced aphasia in these areas.” [p. 106] 

“More recent cases suggest that inactivation of the superior frontal zone within 
the longitudinal fissure on the dominant hemisphere is capable of producing 
aphasia.” [footnote p. 107] 

‘“*A part of the mesial surface of the superior intermediate frontal region is oc- 
cupied by the supplementary motor representation in which is included bilateral 
synergic movement and vocalization. Removal of this area in the nondominant 
hemisphere alone produces no specific deficit that we have detected as yet. Removal 
on the dominant side alone has also been carried out in its anterior portion without 
obvious clinical sequel.” [p. 199] 

“We have only once removed the area all the way to the precentral gyrus within 
the longitudinal fissure on the dominant side. That patient (D.T.) became speech- 
less during the ablation of this final posterior portion. He died of pneumonia a week 
later without having spoken again, and autopsy showed no obvious cause of this 
speechlessness.”’ [footnote p. 199] 


Our study suggests that disorders involving language function may occur 
in conjunction with lesions of the medial portion of the dominant cerebral 
hemisphere. Varying degrees and types of speech disturbance as well as con- 
vulsive seizures characterized by vocalization have been encountered. In 
some tumor cases improvement in language function occurred after opera- 
tion; in vascular cases remission was sometimes noted after recovery from 
the acute episode. Although the electrical stimulation studies reported by 
Brickner, Smith, and Penfield and Rasmussen serve to establish a possible 
neurophysiological basis for language disorder associated with lesions of the 
medial aspect of the dominant cerebral hemisphere, the presence of associ- 
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uted defects dependent upon involvement of the classically recognized cere- 
|.ral language areas cannot be excluded as a factor in some of the cases re- 
iewed. This is obviously true in tumor cases, in which altered circulation, 
mechanical displacement and compression, edema and related pathological 
changes are not unusual. However, the uncritical dismissal of all language 
.isorders encountered with lesions of the dominant cerebral hemisphere 
urely upon such a basis is unwarranted, since language disturbances have 
lso occurred in cases of small parasagittal lesions in which remote tissue 
hanges were not found. 
SUMMARY 
1. Impaired language function of varying degree and type and convulsive 
‘izures characterized by vocalization may occur in patients with lesions of 
1e medial portion of the frontal lobe of the dominant cerebral hemisphere. 
2. The clinical features of 11 cases in which disturbed speech occurred 
1 association with parasagittal tumors are presented and similar findings in 
ther reported cases are cited. 
3. Reports of language disorders after interruption of the anterior cere- 
ral artery of the dominant cerebral hemisphere are noted. 
4. Electrical stimulation studies of mesial cerebral cortex suggest a neu- 
rophysiological basis for language difficulties associated with lesions of the 
inedial portion of the dominant cerebral hemisphere. 


The authors are indebted to the Brain Tumor Registry of Yale University for 
the opportunity to review the original records of Dr. Cushing’s cases and to repro- 
duce his operative sketches. 
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CASE REPORTS AND TECHNICAL NOTE 


CHOROID CYST OF BRAIN WITH LEUKEMIC CONTENTS 
IN A PATIENT HAVING LEUKEMIA 
Davin J. LaFia, M.D.,* anp GitBert Horrax, M.D. 
Department of Neurosurgery, The Lahey Clinic, Boston, Massachusetts 


(Received for publication July 22, 1953) 


The lesion to be reported is unique so far as we are aware. In his series of 2,000 
ntracranial tumors Cushing did not mention such a condition, and during the past 
35 years one of us (G.H.) has not encountered a similar case. In our registry of brain 
tumors we have called it a “leukemic” cyst, but this designation is doubtless incor- 
rect, since the cyst was of choroidal origin, but its content was entirely leukemic 
material with the general appearance of ordinary milk. 

Leukemic processes in the central nervous system are well known. Whether they 
occur as primary lesions, favoring the multicentric theory of leukemia, or as second- 
ary, invasive lesions, we cannot say. In the literature most cases described are part 
of the terminal picture of leukemia. Diamond! studied the brains of 14 patients 
who died of this malady. In 7 histories he found no clinical evidence of neurological 
disorder, yet all had histologic changes in the nervous system characteristic of leu- 
kemia, namely, infiltration of myelocytes (1) around and within blood vessels, (2) 
in subarachnoid spaces, (3) within brain parenchyma both circumscribed and diffuse 
lesions, (4) rarefaction and vacuolation of neurons and axons, and (5) proliferation 
of oligodendroglia. Such pathological changes produce a variety of symptoms and 
signs, usually suggesting diffuse instead of focal disease. Focal fits, however, were 
reported by Hellich? in a patient 3 to 4 months after a diagnosis of leukemia was 
made. The brain in this case showed parenchymatous infiltration of leukemic cells 
in the cortex and thalamus. 

The case here reported deserves attention because the clinical course was that 
of a brain tumor in the pararolandic area. However, the high leukocytosis with mye- 
locytes on routine blood count was diagnostic of myelogenous leukemia. The extra- 
cortical cyst in the rolandic area found at craniotomy is apparently most unusual 
for leukemia. Histologically, the wall of the cyst was lined by tall, ciliated columnar 
cells instead of the expected glial tissue. This pointed to a papillary adenocystoma 
of choroidal origin. It is not easy to explain this finding as most choroidal cysts 
originate in or near the ventricular system. Since leukocytes and myelocytes 
crammed the cyst cavity, it is possible that leukemic cells infiltrated a congenital 
choroidal “‘cell rest,” causing its growth until signs of a space-consuming lesion 
developed. 


REPORT OF CASE 


F.B., a 20-year-old white male, was admitted on Oct. 4, 1934, complaining of spells of 
unconsciousness of 9 months’ duration. He had been relatively well until January 1934 


* Former Fellow in Neurosurgery, The Lahey Clinic. Present address: 187 Waterman Street, Prov- 
idence, Rhode Island, 
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when his first seizures began. There was an aura of tremor with twitchings of the left hand. 
This was followed by clonic spasms of the left arm and leg, proceeding to generalized convul- 
sions with loss of consciousness. After the seizure the patient’s left hand felt “queer” and weak. 
He had had a total of nine seizures in the previous 9 months. Two months before admission 
he became excessively irritable and somnolent. He took prolonged afternoon naps, although 
he slept as much as 10 hours during the night. About 1 month prior to admission his left 
hand and leg became weak. 

Neurological Examination. Bilateral papilledema of 2 D. was present with normal fields 
on confrontation and perimetry. There was moderate loss of strength in the left hand grip. 
Reflexes were more active in the left arm and leg; there were no abnormal reflexes. A roent- 
genogram of the skull revealed an area of decreased radiodensity in the right frontal and 
central zones. The sella turcica was intact. In the course of routine blood studies a white 
blood cell count of 53,000 with 18 myelocytes was noted. The medical consultant found an 


Fic. 1. Appearance of cyst when exposed Fic. 2. Cavity remaining after evacuation of 
at operation. cyst and removal of cyst wall. 


enlarged spleen on physical examination, and he made a diagnosis of chronic myelogenous 
leukemia. 

1st Operation. Despite the presence of leukemia there remained the possibility of a non- 
associated tumor. On Oct. 8, 1934, a pneumoventriculogram was made and showed downward 
displacement of the central portion of the right lateral ventricle with a shift from right to left. 

Under local anesthesia a right frontoparietal bone flap was reflected, exposing a large 
cystic mass near the midline of the rolandic area. To quote from the surgeon’s notes: “A 
rather cystic area could be felt through the dura mater near the midline and in the center of 
the exposed region. The dura was incised with the pedicle at the midline and upon reflecting 
it a large cystic lesion was seen involving the cortex near the midline immediately in the 
rolandic area. The cyst wall was rather thin and translucent, filled with an opaque grayish 
white fluid (Fig. 1). The lesion was different from those seen by any of the operative team. 
... The cyst was then evacuated by suction through a needle attached to a syringe, approxi- 
mately 60 ce. in all being obtained. A smear disclosed pus cells and myelocytes. A cell count 
of the fluid showed 1,918 white blood cells with 13 myelocytes per c. mm. The question, of 
course, arose whether this was due to a leukemic condition or an abscess. The entire cyst 
wall was carefully removed and stripped from the cortex fairly readily” (Fig. 2). 

Pathological Report. The diagnosis of the cyst wall was adenocystoma, papillary type, of 
choroidal origin. The pathologist, Dr. Shields Warren, reported that the fluid removed from 
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ihe cyst was compatible with leukemia. A culture taken from the fluid at operation showed 
no growth after 3 days. 

A further study of this cyst wall was made by Dr. S. J. Hicks. He reported as follows: 
“There are atypical mononuclear cells in the blood vessels of the cyst, and there are similar 
ells incorporated in some clotted material adherent to the lining of the cyst. These may cer- 
tainly be interpreted as leukemic cells and represent some remains of the cyst content.” 

Course. The postoperative course was somewhat stormy. Although the patient aroused 
ind was able to move the left side, the area over the bone flap swelled and was palpably riding. 

2nd Operation. On Oct. 11, 1934, because of slowing pulse and increased drowsiness, the 
one flap was elevated and a large extradural hematoma was removed. 

Course. The patient rallied and, except for three persistent draining sinuses in the skin 
Hap, his recovery was satisfactory. The leukemia caused these complications, predisposing to 
aulty blood clotting and lessened resistance to infection. After the 2nd operation the white 
jlood cell count rose to 85,000. Fowler’s solution was given, and by Nov. 7, 1934 the blood 
‘ount dropped to 15,000. The draining sinuses granulated and at discharge (Nov. 9, 1934) 
the patient was ambulatory but the left side was weak. Seizures were controlled fairly well 
with sodium phenobarbital. 

2nd Admission, June 27, 1935. Since his discharge the patient had had intermittent left- 
sided focal seizures followed by generalized convulsions. The wound was draining and he 
was febrile. Roentgenograms of the skull showed a moth-eaten appearance of the bone flap, 
indicating osteomyelitis. 

3rd and 4th Operations. On June 29, 1935, the bone flap was completely removed and the 
area was left adequately decompressed. The skin flap bulged increasingly; so on July 3, 1935 
it was reflected and a huge extradural clot was evacuated. After this the skin flap was par- 
tially resutured and a pressure dressing was applied. 


Fig. 3. Photomicrograph of cyst lining to show tall ciliated columnar epithelium (500). 
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Course. The wound finally healed. The white blood cell count at this time was 120,00( 
with a great number of myelocytes. The spleen was palpable several fingerbreadths below th: 
costal margin. Roentgen therapy was given to the long bones, and at the time of discharge o: 
July 21, 1935 the white blood cell count had dropped to 7,750. 

The course of the patient was followed at home by Dr. Malott of Scottsbluff, Nebraska, 
who reported that the patient had seizures, although less severe. 

3rd Admission, April 1, 1936. Because of seizures and paresis of the left arm and leg 
progressive debility, and a white blood cell count of 165,000, the patient was readmitted. 

Neurological examination disclosed moderate weakness of the left arm and leg with 
hyperactive reflexes; the optic disks were not elevated. The leukemia was manifestly ad 
vanced. 

After roentgen therapy the white blood cell count dropped to 7,000. The patient regained 
his strength and left the hospital on April 6, 1936. 

Course. From April to July, 1936 the patient had three seizures. He was back at work. 
When seen at the Lahey Clinic in July 1936 the findings were unchanged from the previous 
examination. The white blood cell count was 14,850. Dr. Malott, on Oct. 29, 1936, reported 
that the patient had died. The course of events leading to his death was typical of leukemia. 
Until his death he had had an occasional left-sided seizure. 

Autopsy Findings. The autopsy was done by Dr. Malott who removed the organs and 
sent them to the Pathological Laboratory of the New England Deaconess Hospital. On re- 
moving the brain Dr. Malott noted that the posterior portion of the resection was filled with 
approximately 2 ounces of grayish-green pus. The organs were examined by Dr. Shields 
Warren who reported changes characteristic of chronic myelogenous leukemia in the spleen, 
lymph nodes and bone marrow. The report on the brain was as follows: “Convolutions of 
the right hemisphere normal except in the right frontoparietal region where there is a large 
cystic space 4 by 3 by 3 em. which appears to be lined by choroid membrane. No other 
abnormalities are noted. The histological section of this cortical cyst showed it to be lined by 
a single layer of tall, ciliated, columnar and flattened fusiform epithelium supported on a 
delicate basement membrane (Fig. 3). Small blood vessels scattered through the brain are 
partially filled with leukemoid cells.” Dr. Warren’s diagnosis was cortical cyst or papillary 
adenocystoma of choroid origin. 


SUMMARY 


Circumscribed infiltration of the brain with leukemic cells is rare compared with 
diffuse infiltration of the subarachnoid spaces and the epidural spinal spaces. In his 
series of 2000 intracranial tumors Cushing reported no such case. The lesion here 
reported is that of a choroid cyst containing leukemic material in a patient having 
chronic myelogenous leukemia, whose illness was ushered in with left jacksonian 
seizures. After craniotomy and removal of a cyst in the right rolandic area, followed 
by roentgen therapy, the patient survived 2 years. 


We are greatly indebted to Dr. Shields Warren and to Dr. Samuel J. Hicks for their pains- 
taking study of the pathological material from this patient. 
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ANEURYSM OF COMMON CAROTID ARTERY IN THE NECK 
FOLLOWING PARTIAL LIGATION FOR AN INTRACRANIAL ANEURYSM 


Sipney W. Gross, M.D., anp ABRAHAM Ho.tzman, M.D. 
Neurosurgical Service, Montefiore Hospital, New York, New York 


(Received for publication October 2, 1953) 


There is still considerable controversy regarding the treatment of aneurysms 
‘the circle of Willis.*:°!° Nevertheless most surgeons who have had experience in 
iis field employ carotid ligation, either as a definitive method or as an adjunct to 
tracranial procedures.?* It is not our purpose at this time to discuss the relative 
erits of the various methods of treatment of intracranial aneurysms. The follow- 
g case illustrates an unusual complication of ligation of the common carotid in 
1e neck for an aneurysm of the circle of Willis. 


CASE REPORT 


H.L., a married white woman of 25, collapsed while walking in the street. She was taken 

iy ambulance to the emergency ward of a city hospital. On admission, she was in deep stupor, 

id there was a hematoma in the right occipital region. The patient improved during the 
ext few hours and she was transferred to our care. 

Examination about 24 hours later disclosed a thin woman in stupor. She could be roused 
ith ease. She was confused and disoriented. The neck was moderately rigid, and there was 
positive right Babinski. 

Course. During the next 3 days the patient became more alert and less confused. The 
cerebrospinal fluid was grossly bloody. The initial pressure was 320 mm. On the 7th day ptosis 
of the right upper eyelid developed. Two days later there was a complete internal and ex- 
ternal right 3rd nerve paralysis. The right pupil did not react to light and was widely dilated. 
The fundi showed beginning papilledema. 





Fic. 1. Angiogram showing berry aneurysm springing from the internal carotid artery just above its 
junction with the posterior communicating artery. 
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Daily digital compression of the common carotid artery was started. The patient com - 


plained of light-headedness at first, but after a few days she could tolerate 10 minutes 


-ompression without symptoms. At this time right carotid angiography was done with 35 pr 


cent diodrast by the percutaneous technique. This disclosed a berry aneurysm (Fig. 
springing from the internal carotid artery just above the origin of the posterior commun 
cating artery. 

Operation. A few days later the right common carotid artery was exposed with the u 
of local anesthesia. Occlusion of the artery with a rubber tape caused a slight weakness 
the left upper and lower extremities. The common carotid artery was therefore partial 
occluded with a heavy braided silk ligature. The lumen was probably reduced to one-four! 
or one-fifth of its original size. 


Course. Following this procedure the patient improved rapidly. Within a few days thie 
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Fic. 2. Specimen removed 
at operation showing silk liga- 
ture tied around the common 
carotid artery, aneurysm, and 
internal and external carotid 
arteries. 





ptosis was much less evident, and the internal rectus palsy had 
also diminished. She was permitted to go home 3 weeks after 
the incomplete ligation. We had planned to re-admit her at a 
later date for ligation of the internal carotid artery. 

About 2 months after the partial ligation, the patient noted 
a small swelling in her neck at the operative site. Examination 
at this time disclosed a small mass, about 2 cm. in diameter, 
under the operative scar. A thrill and a bruit were present. 
There was slight weakness of the levator of the right lid, and 
an almost complete paralysis of the right superior rectus. The 
right pupil was slightly larger than the left and reacted to light 
sluggishly. The fundi were normal. 

The patient was advised to re-enter the hospital; however, 
she postponed this for about 3 months. At this time the pul- 
sating mass in the neck had increased in size slightly. The pa- 
tient now tolerated compression above and below the mass in 
the neck without symptoms. 

2nd Operation. On May 6, 1953, about 5 months after the 
initial partial ligation, under general endotracheal anesthesia 
the common carotid artery was exposed below the mass. The 
common carotid was imbricated with three arterial sutures, 
then doubly ligated with braided silk and divided. The aneu- 
rysm in the neck was then dissected from the surrounding tis- 
sues. The internal and external carotid arteries were then 


doubly ligated and divided. The specimen (Fig. 2) on removal measured 2.5X2X1.5 cm. 
Fresh blood clot was present in the aneurysmal sac. 

Course. The patient improved rapidly following this procedure and she was discharged 
from the hospital 10 days later. She has remained well. 


COMMENT 


According to Halsted,'! Antyllus, one of the great surgical figures of antiquity, 
was the first to describe a method for the treatment of peripheral aneurysm. Anty'- 





lus advised isolating the aneurysm between ligatures, then opening the sac with a 
small incision to empty its contents. This method remained in vogue until John 
Hunter (1728-93) advocated ligation high up in healthy tissues by a single ligatu 
as the best method for the treatment of aneurysms. 

Modern management of an aneurysm depends on its location, size, duratio: 
etiology (spontaneous or traumatic), and age and condition of the patient. Prat 
listed the following methods: (1) Excision with end-to-end anastomosis. (2) Venot 
transplant. (3) Obliteration operation (Matas). (4) Occlusion by proximal ligatior . 
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End-to-end artery-vein anastomoses distal to aneurysm. (6) Extra-arterial 
irv:tation, with obliteration. (7) Wiring and coagulation. 

To the above, one must, of course, add proximal and distal ligation with excision 
of the sac. This was the technique used in our case. Aneurysms of the common or of 
tl - internal carotid artery in the neck present a special problem because of the seri- 
0: s sequelae that may accompany the occlusion of these vessels. 

Referring to carotid artery ligation, Matas® (1909) stated that the possible oc- 
c: erence of cerebral disturbances “has invested the technically simple operation . . . 
wha gravity and anxiety that are associated with few other ligations.”’ Reid® set 
fc th certain principles governing the ligation of large arteries. He advocated that: 
(°\ The size of the ligature should increase in direct proportion to the size of the 
a ery; (2) the ligature should be tied during temporary distal and proximal closure 
o the artery to remove intra-arterial tension and thus avoid fracture of the media 
ai d intima; (3) the tension used in tying the ligature should be just enough to oc- 
c de the lumen; and (4) the ligature material should not be subject to stretch or 
d .solution. Reid cautioned against the use of partially occluding or crushing liga- 
t. res. When partial occlusion is indicated, he advocated the use of a flattened metal- 
li band. 

Our patient demonstrates an unusual complication of the partial ligation of a 
large artery with a round ligature. The mechanism by which the aneurysm developed 
scems simple enough. The media and intima were no doubt fractured when the liga- 
tire was tied. When symptoms and signs of cerebral ischemia developed, the liga- 
ture was loosened, resulting in a partial occlusion of the common carotid artery. 
With partial occlusion, atrophy of the injured arterial wall occurred with the de- 
velopment of a saccular dilatation of the lumen. In time the sac slowly enlarged form- 
ing a pulsating tumor mass at the site of ligation. 

This case demonstrates the danger of partial occlusion of a large artery with a 
round ligature. Metal bands, special clamps and bands of fascia have been advo- 
cated for partial occlusion of the carotid vessel. However, in our experience, compli- 

cations have occurred following the use of these methods also. In patients who toler- 

ate total occlusion of the common carotid artery, we prefer to doubly ligate the 
vessel and divide it between the ligatures.'! The artery is plicated before the liga- 
tures are tied according to the method of Poppen.* When partial ligation is indicated, 
it is probably best to reduce the lumen of the artery by wrapping with fascia and 
maintaining the narrowed lumen by suturing the fascia in such a way as to form a 
tunnel at least one-half inch wide for the vessel to pass through. Metal bands and 
clamps left in place increase the hazard of infection with possible slough of the vessel 
wall. A simple and safe method for the gradual occlusion of large arteries has not 
yet been devised. 
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FOR OPERATIONS PERFORMED WITH PATIENT IN PRONE POSITION 
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It is recognized that the prone position is not physiologic for operations and 
yet it is desirable to perform certain neurosurgical procedures in this position. 

Provision must be made for the proper expansion of the chest and abdomen in 
order to avoid interference with respiration. 

Several methods! for accomplishing this are in use. One consists of the use of 
shoulder supports attached to the head of the operating table. Another consists 
of the placement of sandbags beneath either shoulder. A third method is the use of 
a rolled pillow on either side of the body extending from the shoulder down to and 
including the crest of the ilium. A disadvantage of the latter method is the fact 
that it is difficult to maintain the pillows evenly so that the back is horizontal. 

A foam rubber mattress seemed to be a possible solution to this problem. A win- 
dow was cut in the mattress so that the patient’s chest and abdomen could partially 
protrude through the opening thereby allowing normal respiratory movements of 
the chest and abdomen. In addition, it was found that the center piece could be 
used as a comfortable head rest. The mattress has been upholstered with a non- 
conducting cover so that it can be used in all situations where explosive anesthetic 
mixtures are used. 

Uses. It is used on top of the standard operating table mattress and has been 
used for lumbar laminectomies, thoracic laminectomies, cerebellar procedures, and 
ventriculograms. 
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Advantages. One of the advantages has been lessened bleeding. This is especially 
rue when used for laminectomies and can be explained on the basis of diminished 





. bdominal press with transferred pressure from the abdominal veins to the intra- 

) inal veins. 

\- Another advantage is the fact that uncomfortable pressure and redness can be 

. voided even when the patient is in the prone position for a considerable length of 
me. 

A third advantage is the fact that because of the flexibility and compressibility 
* sponge rubber, the table itself can be adjusted either before or during the proced- 
re without altering the general position of the patient on the table. To date no 
isadvantages have been observed. 

Description of the Mattress. The mattress is the width of the operating table. 
he length is approximately three-fourths that of the operating table. The exact 
easurements (Fig. 1) are 38X20X3.5 inches. The opening is 22X10 inches. The 
nter portion or cutout is constructed so that the opening corresponds approxi- 
‘ately to the distance between the midthoracic region and the pubis. The sides of 

d he opening are flexible enough so that they can be adjusted to the width of the pa- 
ent. 

n Material. The standard sponge rubber (half mattress) can be obtained from any 
iattress manufacturer. It can be cut to the desired length and width. The opening 

if ilso can be designed to suit the individual requirements. When not in use the center 

sortion can be reinserted into the cutout for storage. 

of 

d SUMMARY 

t An inexpensive pad which has proven itself to be of value when operating upon 

patients who are in the prone position is described. Its flexibility, uses, and advan- 

I- tages are discussed. 
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Obituary 


FRANK RANDALL TEACHENOR 
1888-1953 


It is with sadness and regret that we speak of the passing of Dr. Frank Randall 
Teachenor who died suddenly November the twenty-eighth in Kansas City, Missouri 
at sixty-five years of age. He not only was one of the Middle West’s first citizens, 
but his achievements were well known throughout Canada and the United States. 
His awards and honors were many, but they were always unsought by Doctor 
Teachenor, who was a quiet, retiring and kindly man. His only ambition in his 
work was to help his fellow man, and he was always reluctant to accept any degree of 
fame for carrying out his appointed task. His great understanding of human nature 
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ind his endless devotion to his patients endeared him to the public and to the medi- 
al profession as well. To Doctor Teachenor each patient was a person and not a 
ase history, and he was always deeply affected by their problems and by their 
iffering and sympathetically gave much of his own personal life towards the allevi- 
tion of the pain of those stricken and their families. He firmly believed in the prin- 
iple of the Golden Rule, and at all times he practiced it and lived by it. This, in 
‘self, is greatness. 
Doctor Teachenor attended the University of Kansas School of Medicine, and 
lowing his graduation there in 1911, served for five years in training with Dr. 
‘abez Jackson. At this point his career was interrupted by the advent of the first 
‘Vorld War, and he went into service with the Army and was stationed at Carlisle 
sarracks where he began his training in neurological surgery. While he was there he 
ttended courses conducted by many of the country’s leading neurosurgeons before 
eing shipped overseas to serve with the Army in France. Upon his return to this 
ountry he was assigned to duty at Camp Dodge where he spent six months on 
eripheral nerve surgery. In 1920 he returned to Kansas City, Missouri, to estab- 
ish the first practice of neurological surgery in an area extending between St. Louis, 
\lissouri and the West Coast. In addition to his own practice, Doctor Teachenor 
indertook the difficult task of educating and training other men in this compara- 
ively new field. His vision and efforts resulted in the establishment of facilities 
for teaching and research, and after years of unceasing work he had firmly integrated 
his specialty into the medical and surgicakyeeds of the area. Much of what Doctor 
l'eachenor learned had to be done the - by his own initiative in self-teaching 


and home study, and it was by this means and without formal training that he ac- 
quired an excellent knowledge of organic neurology. He was also a great believer in 
visiting other clinics to study the newer techniques developed by his colleagues 


elsewhere. All of this was not easy, and his perseverance and his wholehearted devo- 
tion to the goal he had set for himself were commendable. Certainly his community 
and the neighboring states have always been grateful for the tremendous vitality 
and generosity of this great pioneer. 

He was a past President of the Jackson County Medical Society, the Western 
Surgical Society, and the Harvey Cushing Society. He was also a member of the Soci- 
ety of Neurological Surgeons and the Southern Medical Society and was the Profes- 
sor Emeritus of Neurological Surgery at the University of Kansas School of Medicine. 
At the time of his death he was serving as the Vice-President of the Missouri State 
Medical Association. In the last World War he served in an advisory capacity on 
the committee for Selective Service for physicians, dentists and veterinarians in 
Jackson County. Among his many awards were the American Legion Award in 
1939 honoring his professional and community usefulness and the 1953 Award of 
Merit from the Jackson County Medical Society. He was a Diplomate of the Ameri- 
can Board of Neurological Surgery, a Fellow of the American College of Surgeons, 
and a member of Nu Sigma Nu and Alpha Omega Alpha medical fraternities. 

All of these things Doctor Teachenor had accomplished under many difficulties 
and adverse circumstances. His personal life was one that was beset with tragedy and 
suffering. For a number of years he was the victim of one serious illness after another, 
but at no time would he consider leaving his work permanently, and as soon as his 
health permitted he would return to his patients, surgery and teaching. His often 
expressed wish was that he would never live beyond his work, and we are grateful 
that this was so for him. He was also a lonely man as he had been preceded in death 
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by his immediate family, his wife, Ethel Heath Teachenor, and his son, Richar: 
Heath Teachenor. His own losses, instead of turning him to bitterness and seli 
pity, seemed only to increase his depth of compassion for those who sought his hel} 

Some of us were privileged to have worked with Frank Teachenor, some of u 
were privileged to have known him as a personal friend, and all of us are privilege: 
to have had him as a member of the medical profession. Through the years that li 
ahead, there will be numbers of unfortunate individuals handicapped by illness an«! 
disease whose lives will always be a little more privileged because this man’s life 
was given in the fullness of its time to his fellow men. 

This is enduring greatness. 


Dona.p F. Cosurn, M.D. 




















CORRESPONDENCE 


FAMILIAL HEMANGIOBLASTOMA OF CEREBELLUM 


To the Editor: It has been brought to my attention by Dr. F. Kieth Bradford 
that his Case No. 1 (M.L.M.) in “‘Hemangioblastoma of the posterior fossa (Lin- 
du’s disease). Report of two cases with familial history” (J. Neurosurg., 1948, 5: 
16-201) and my Case No. 2 in “Familial hemangioblastoma of the cerebellum. 
|) digree of two families” (J. Neurosurg., 1953, 10: 421-423) are members of the 
s ne family. 

We wish to make this known so that an 
|; erature dealing with this subject. 


‘ 


‘extra”’ family does not appear in the 


Joun E. Apams, M.D. 


iiversity of California Hospital 
n Francisco 22, California 


A 2 


NOTICES 
THREE-YEAR RESIDENCY IN NEUROLOGICAL SURGERY 


The Army Medical Service residency program in neurological surgery has been 
proved by the American Board of Neurological Surgery for three years at Walter 
lteed Army Hospital, Washington, D. C., beginning July 1, 1954. 

Under the neurosurgical residency program, the residents will be so timed in 
their training that one new resident will be accepted each year and one will com- 
plete his training. The program actually will cover a four-year period since, in addi- 
tion to the three years spent in formal clinical neurosurgical training, six months 
will be spent in clinical neurology and six months at the Armed Forces Institute of 
Pathology in neuroanatomy, neuropathology, and neurophysiology. The residents 
will have ample opportunity to pursue a course of laboratory investigation at the 
Army Medical Service Graduate School on a pertinent neurologic problem and also 
gain experience as instructors in teaching medical students from local universities, 
interns, graduate nurses, and junior residents. 


AMERICAN ACADEMY OF NEUROLOGICAL SURGERY 


At the meeting of the American Academy of Neurological Surgery held in Santa 
Barbara, October 12-14, 1953, the following officers were elected: President, Dr. 
Rupert B. Raney; Vice-President, Dr. David L. Reeves; Secretary and Treasurer, 
Dr. Eben Alexander, Jr. Members of the Executive Committee are: Doctors Rup- 
ert B. Raney, J. Lawrence Pool, David L. Reeves, George L. Maltby and Eben 
Alexander, Jr. 


AMERICAN NEUROLOGICAL ASSOCIATION 
The 79th annual meeting of the American Neurological Association will be held 
at the Hotel Claridge, Atlantic City, New Jersey from June 14-16, 1954. 
CONGRES DES NEURO-CHIRURGIENS 


The 5th Congrés des Neuro-Chirurgiens de Langue Frangaise will be held in 
Algiers from April 19-21, 1954 under the Presidency of Professor P. Goinard. Sub- 
jects to be presented are “L’anesthésie en neuro-chirurgie” by E. Woringer (Col- 
mar) and “Les indications respectives des diverses méthodes d’exploration radio- 
logique en neuro-chirurgie” by M. David (Paris). American neurosurgeons are in- 
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vited to attend. Inquiries may be addressed to: Congrés de neuro-chirurgie de lang:ie 
Francaise, 9 Avenue Claude-Debussy, Alger. 


CONGRESSO NAZIONALE DI PSICHIATRIA 


The 26th National Congress of the Italian Society of Psychiatry will be held at 
the Neuro-Psychiatric Hospital, Varese, May 6-9, 1954. 

Reports will be given on (1) recent discoveries in infantile encephalopathy, aid 
(2) new perspectives in quantitative differentiation between psychasthenia aad 
schizophrenia. Participation of foreign colleagues is desired. The program will in- 
clude excursions and other entertainment. The fee is 3,000 lire (#5.00). Address 
correspondence to: President of 26th National Congress of the Italian Society of 
Psychiatry, Neuro-Psychiatric Hospital, Varese, Italy. 


NATIONAL INSTITUTE OF MENTAL HEALTH 


The National Institute of Mental Health now awards research fellowships to 
postdoctorate investigators. The program is designed to assist young scientists and 
physicians in obtaining training and experience in research techniques and meth- 
odology which may be applied to the problems of mental health and illness. These 
fellowships are available to qualified research workers in many fields of science and 
medicine, such as biochemistry, neurophysiology, psychiatry, psychology, and so- 
ciology. 

More detailed information is given in a new edition of the pamphlet entitled 
Training and research opportunities under the National Mental Health Act, single 
copies of which may be obtained free of charge from the National Institute of Men- 
tal Health, Bethesda 14, Maryland. 


PAN-PACIFIC SURGICAL ASSOCIATION 


Doctors are cordially invited to attend the 6th Congress of the Pan-Pacific 
Surgical Association to be held in Honolulu, October 7-8, 1954. Over 100 leading 
surgeons are contributing to the scientific program, which includes sessions in all 
divisions of surgery and related fields. An extensive social program is being devel- 
eped for the doctors’ families. 

All hotel and travel reservations should be made through the Honolulu head- 
quarters of the Association. Further information may be obtained from Dr. F. J. 
Pinkerton, Suite Seven, Young Building, Honolulu, Hawaii. 


SCANDINAVIAN NEUROSURGICAL SOCIETY 


The 10th meeting of the Scandinavian Neurosurgical Society will take place in 
Gothenburg, Sweden, September 3-4, 1954. Members of American and European 
neurosurgical societies are cordially invited to attend. Information is obtainable 
from the Secretary, Dr. Olaf Sjéqvist, Sédersjukhuset, Stockholm, Sweden or from 
Dr. Gésta Norlén, Sahlgrenska sjukhuset, Gothenburg, Sweden. 


SYMPOSIUM NEURORADIOLOGICUM 


The 4th Symposium Neuroradiologicum will be held in London under the Pre si- 
dency of Dr. James Bull, from September 13-17, 1955. Radiologists, neurosurgeo’:s, 
neurologists and others interested will be most welcome. All wishing to contribi te 
papers are invited to communicate as soon as possible with the Honorary Secreta v, 
Dr. R. D. Hoare, at the National Hospital, Queen Square, London, W.C.1, Engla: 1. 





FORM-FITTING PLASTIC CRANIOPLASTY 


WILLIAM T. SPENCE* 
Georgetown University School of Medicine, Washington. D.C. 


(Received for publication July 29, 1953) 


HE methods of cranioplasty must progress with the times, the same as 

all types of neurosurgery, and it is the purpose of this paper to show the 

advantages of repairing certain cranial defects with a form-fitting plas- 
c implant. The author has used a highly refined methyl! methacrylate resin 
nee November, 1947. The first plates are still firmly in place. At least five 
ave been entirely satisfactory for 6 years. 

The objections to metal plates run from scientific to personal. The latter 

exemplified by the patient who said, “I do not want a lightning rod in my 
ead.”’ There is almost a social stigma to having “‘a silver plate in the head,” 
nd this takes a more serious turn when the individual is refused employment 
vecause of such. The scientific objections are as follows: (1) Metal resists X- 
ay penetration, thus interfering with X-ray therapy, ventriculography, ar- 
eriography, and visualization of the position of silver hemostatic clips. 
2) Metal transmits heat, and cold too readily, often causing headache. 
3) Metal is difficult to work and make a suitable fit, especially if it is to be 
water-tight. (4) Metal bends easily to trauma, causing deformity and, or 
brain compression. (5) Working sharp edges may cut the operator’s finger 
and even rounded edges may perforate the patient’s skin. (6) Highly purified 
metals such as tantalum are ten times more expensive than plastic. Tantalum 
costs $1.50 or more per square inch, plastic about 25¢ a square inch. (7) The 
metal-bone relationship is not as natural as plastic and bone. Certain plas- 
ties look like, feel like, and cut like bone. Plastic screws are better tolerated 
than metal. 

A liquid plastic to seal the cranial replacement and make it water-tight 
is being investigated at the present time. This would provide another advan- 
tage of plastic over metal. 

Objections to rolled plates per se are: (1) Cranioplasty with a metal or 
rolled plate does not take into account the third dimension of depth in closing 
the defect. This results in a dead space into which herniation of the brain 
may occur (Fig. 1). (2) A plate over a hole, instead of in it, results in a rim of 
disturbed circulation where the inner tables meet the pulsating resistance of 
the herniating brain, i.e. the neck of the hernial sac (Fig. 2). 

That metal plates have not been entirely successful has been mentioned 
by others. Grantham and Landis® reported that headache was not relieved 
in 50 per cent of the patients after cranioplasty with metal plates. Tuffier and 
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Fig. 1. (A) Herniation of brain into dead space beneath rolled type of plate. 
(B) Depth-fitting plastic cranioplasty. 


Guillain” are cited as having found no improvement except a cosmetic one. 
Woodhall and Spurling" likewise found that generalized headache was un- 


relieved by tantalum cranioplasty. 


The author’s neurosurgical experience during 43 years of World War II 
is contrary to the statement made by some that excellent shaping of metal 
for cranioplasty may be accomplished with ease.'* The complexity of the pro- 
cedure of metal cranioplasty is well borne out by Reeves’!® monograph (pp. 1 
42). For the most part, metal cranioplasty was a time-consuming process 
holding up the operating room for such long periods that it was abandoned 
as a primary procedure in combat. This was especially true when at- 


Fig. 2. (A) Skull defect showing circle of brain 
striking the skull edges. (B) Brain movement in 
systole, coughing, bending over, etc. (C) Brain fall- 
ing back in diastole, dehydration, upright position, 
ete. 


tempts were made to countersink 
the metal plates in a cutout of the 
skull around the edge of the defect 


such as has been recommended by 
others! *41°-18 working with metal 
or rolled plastic plates. 


PRINCIPLES 

Most everyone agrees now 
that cranioplasty is desirable. The 
reasons have been outlined by 
Grant and Norcross’ and others. 
The author is in agreement wil! 
those who believe that the princ- 
pal reason for improvement after 
cranioplasty is the better splintir 2 
of the brain. Gardner* emphasiz 
this concept and his conclusior s 
bear repeating: 
‘Since immobilization is important 
wounds of baser tissues, it should | 
doubly important in the case 
wounds of the brain. But when t! 
surgeon closes the scalp over a bra 
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uund without repairing the cranial defect, he not only has not immobilized the 
‘uctures, he has allowed them to remain in a constant stage of pathologic mobility.” 


If this premise is fundamental in an improved physiology and if splinting 
the brain is important, as it certainly seems to be, then a better splint is 
ually important and desirable. A purpose of this paper is to report a more 
ivsiological repair than has been possible with the covering type of plate, 
hether it be rolled metal or plastic. 

Skull replacement by depth-fitting cranioplasty has resulted in not nearly 
many complaints of headache, dizziness, apprehension, or abnormal sen- 
tions as have occurred previously when the covering type of plate was used. 
nmediate repair at time of operation or 10-14 days later during the same 
spital period has been employed when practicable before the head is sub- 
cted to changes of position, jarring, coughing, and the normal amount of 
auma absorbed by bus rides, bending over, straining, etc., in everyday ac- 
vity. The underlying principle of inlay cranioplasty is to splint the brain 

. a normal position in its relation to the skull. 

The principal objection to metal plates or other material that is cut in 
heet form is that there is no accounting for depth. These materials are placed 
ver the defect and not into it, so that there is a dead space between the plate 
nd the dura mater. This is reduced but not eliminated when the plate is 
‘ountersunk by the method described by Fulcher* and others.*:!° 

The method described in this report has been developed to eliminate as 
many disadvantages as possible, with the realization that any foreign body 
is not ideal. But finding it impossible to carve a suitable bone plate out of a 
vood assortment of bone bank specimens, the method comes closer to replac- 
ing actual bone than any other. Shelden, e¢ al." used plastic (lucite) calvaria 
in monkeys as transparent windows for the study of the brain motion; how- 
ever, these investigators did not advocate the use of lucite calvaria for skull 
replacement. Clark? subsequently used a lucite calvarium as a temporizing 
measure in a case of extensive avulsion of scalp, skull, dura mater and brain. 
Alexander and Dillard! used rolled plastic plates for skull replacement, but 
in the author’s opinion such plates are mechanically unsound. 

Tantalum has proven satisfactory in cranioplasty of areas where the skull 
is thin. It is of value when substituted for a bone flap in cases of tumors that 
necessitate re-operation or in cases in which a dead space beneath a plate is 
desirable to act as a decompression reservoir as described by Gardner.’ Ac- 
tually this can also be done easily with molded plastic since it is only necessary 
to place several thicknesses of cottonoid over the brain and mold the plastic 
over them. When the cottonoids are removed there is a dead space for the 
tumor to grow into, if such is desired. 


METHODS 
Plastic cranioplasty was first undertaken by the author in 1947 with the 
use of a highly refined methyl methacrylate resin. The first patients were 
treated by molding the plastic into the defect during the hardening proc- 
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ess.”’> The material comes in two forms, one a liquid monomer, and tl] 
other a powder polymer. The mixture is approximately two of powder to on 
of liquid by weight, and it was mixed in a metal dish with a spatula until th 
consistency was that of soft putty. At that point, it was molded in the fir 
gers or gently pressed in the skull defect itself, in such a way that it was forn 
fitting both in depth and contour. There were several disadvantages to thi 
method. The first was that the plastic powder was not sterile, but after mix 
ing with the liquid polymer, cultures on six samples did not reveal an 
growth. Later on, positive cultures were grown from the powder, the liquid 
and the formed plate itself. From these both aerobes and anaerobes hay: 
been isolated. The second disadvantage was that the heat of combination be 
came so great that the plastic had to be taken up frequently during the hard 
ening process, and it was difficult to arrive at a perfect fit. It was felt that the 
underlying brain could not be subjected to this amount of heat without dam- 
age. 

For the above reasons it seemed desirable to make a cast of the defect. 
Several impression materials have been, and still are, being tried. Two 
methods were devised for an impression technique, which will be described 
in another report. 


The rapid method, and the one that has been used almost exclusively for 


the past 2 vears, employed a polyethylene bag to insure sterility and ease of 
handling. Otherwise, the soft plastic sticks to gloves. Now that the monomer 
and polymer can be sterilized (by strong ultra violet) the polyethylene bag 
technique is retained for ease of handling. Since the sterile material cannot 
be obtained everywhere, both techniques are described. 


I. Using Unsterile Material. The cranial defect is prepared by cutting the skull! 
edges with a slight bevel. The liquid monomer and powder polymer are mixed in the 
ratio of one to two at an unsterile table by the circulating nurse. The doughy mass 
thus formed is dropped into a polyethylene bag held open by the surgeon. This bag 
has been previously sterilized by a period of soaking in sterilizing solutions used in 
the daily routine of the operating room. The open end of the bag is clamped shut 
with any suitable clips available and the bag is placed on a flat surface where th 
soft plastic is rolled or formed into the desired size and shape. Usually this is int« 
the shape of a round or oval patty, although it may be desirable to roll one part 
thicker than the rest, such as in forming orbital ridges. 

The patty thus formed is placed over the cranial defect and light pressure is 
applied to gently countersink the patty into the area devoid of bone. Firm pressur: 
is applied with the fingers, or the rolling pin, to the outer margins to create a flang: 
over-ride around the edge of the defect that can be used to anchor the plate to th 
skull by one or two sutures or plastic screws (Fig. 1). The inlay thus formed i 
pressed gently in place for 2 or 3 minutes until the heat of combination is warm t 
the hand. At this time the plastic will hold its shape and it is lifted out of the woun 
by lifting up on the polyethylene bag that contains it. Complicated plates are bes 
supervised by the surgeon during this late hardening stage since one must periodical 
ly keep the edges from curling or the contour from changing by bending it back int« 
shape. Bubbles caused by the heat of combination can be broken by compressing 
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t em with a sponge. Care must be taken not to burn one’s fingers, and of course, a 

. ange of gloves is necessary after handling the unsterile plate. A simple plate, which 
es not necessitate such supervision, is handed back te the circulating nurse who 
<es the plate out of the bag. 

All plates are placed 5 or 10 minutes in the high pressure autoclave. When steril- 
d the plate is passed back into the sterile field and any excess plastic is removed by 
igeurs or a carborundum wheel attached to the electric bone drill. The latter does 
vood job of removing any stalactites or stalagmites that might have developed 
cause of uneven pressure at the time of formation. The plastic replacement can 
o be polished by this means. It is conceivable that by careful approximation and 
vaterproof cement this type of cranioplasty could be made watertight. If temporal 
iscle and /or pericranium are available no other securing may be necessary. If no 
uctures are present to stretch over the plate it can be held by one or two sutures 
silk, wire, or plastic screws through bone and plate. The scalp is approximated in 
e usual manner. Fluid may or may not develop beneath the scalp and it is dealt 
th as in any craniotomy; usually it is no problem and drainage is not necessary. 
ixing and fitting the plate takes about 5 to 10 minutes, hardening about 8 minutes 
d autoclaving about 5 minutes. Total time is about 20 to 25 minutes. 

II. Using Sterile Material. The containers (ampules for the monomer and plastic 
ivelopes for the polymer) are rendered sterile by the wet method or the material 
merely poured from them into sterile receptacles on the instrument table. 

After mixing the two ingredients the soft mass is placed between sheets of poly- 
hvlene and rolled, etc. as described above. The autoclaving step is unnecessary 
i this method. 


The indications for the inlay plastic cranioplasty are the following: 
|) The syndrome of the trephined. (2) Epilepsy resulting from injury caus- 
ing the defect. (3) Protection of the brain from possible trauma. (4) Unsight- 
lv defects. (5) Painful and unduly pulsating defects. (6) Improvement of in- 
sulation of the brain. (7) Psychological factors, such as the elimination of an- 
xietvy and return of confidence. (8) The prevention of adhesions of the scalp 
to the dura mater and/or the brain. (9) Replacement of tumor-invaded skull 
flap by a substance that is sterile and will not slough or absorb. 

My impression regarding the improvement in the epileptic after cranio- 
plasty is the same as that of W. J. Gardner.4 He proved that tantalum had 
no electronic action that exerted a neutralization effect on the cerebral focus. 
This view is supported by the fact that the same beneficial effect is accom- 
plished by plastic cranioplasty. 

Other advantages of plastic cranioplasty are: (1) The entire procedure 
can be carried out in a relatively short time compared to beating out compli- 
cated metal plates. It can be performed entirely at the time of operation and 
does not necessitate any elaborate equipment or assistance from the dental 
laboratory. (2) Plastic cranioplasty is form-fitting and may be made water- 
tight. This procedure will be described in a later publication. (3) The cos- 
metic results are better than with metal. (4) The plate has nearly the same 
density and strength as bone. (5) The insulation is better than that of metal 
plates. Headaches from heat and cold are reduced. (6) The psychological ef- 
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fect is better than that produced by metal plates. The plastic is more simil: 
to bone and a piece can be given to the patient for reassurance. (7) The dept 
of the skull defect is replaced to the level of the inner table, reducing dea 
space and effect of herniation. This splints the brain in a more natural mai 
ner. (8) Methyl methacrylate is not resistant to X-ray so that ventriculo; 
raphy or angiographic studies may be carried out without obstruction « 
distortion. The position of silver clips can be followed accurately in thos 
vases In which there is a question of tumor recurrence. X-ray therapy is no} 
interfered with. (9) Resin is approximately as resistant to EEG as is skull of 
the same thickness (Fig. 3). (10) Plastic cranioplasty will resist fracture an: 
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Fic. 3. Normal EEG over a plastic plate which replaces the patient’s right parietal bone. 


depression in nearly the same manner as bone. Also it will not maintain de 
pression pressures as does indented metal. (11) The procedure of plastic cra 
nioplasty is less expensive than that of tantalum. Methyl methacrylate is : 
less critical material. It is being improved and becoming less expensive con 
stantly. (12) Fistulas may close spontaneously over exposed methyl! metha 
crylate cranioplasties. A case of such a closure will be reported later. (13) Ou 
preliminary studies show no indication that this substance is carcinogenic 


SUMMARY 
1. An inlay type of cranioplasty is described that for the first time em 
phasizes the importance of depth in splinting the brain. 
2. A method is presented in which a very highly refined methyl metha 
erylate resin* is used. It is a relatively simple, rapid and sterile procedur 


* Cranioplastic kits are available from L., D, Caulk Company, Milford, Delaware. 
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ad has proved satisfactory and safe in cases followed now since 1947. 
3. Advantages of form-fitting cranioplasty over the covering type of plate 
: given, as are also the advantages of methyl methacrylate over metal. 
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ECENT reviews of Nocardia infections in man*:*:*° have devoted only 
scanty attention to the neurological aspects of this disease; yet in 50 
cases of proven human nocardiosis collected to date, involvement of 

the central nervous system was demonstrable in 18 patients, and often ap- 

peared directly responsible for the fatal outcome. 

The first pathogenic aerobic Actinomyces was isolated from cattle by 
Nocard”! in 1888, and called Nocardia farcinica by Trevisan” in 1889. In 
1890, Eppinger’® isolated pathogenic aerobic Actinomyces from a brain ab- 
scess of a 52-vear-old glassworker suffering from a pseudo-tuberculous infec- 
tion and described the organism as Cladothrix asteroides. In 1896, Blan- 
chard’ renamed the organism Nocardia asteroides. 

For many decades these organisms, which in their early stages of growth 
on culture media show structure similar to that of Actinomyces, were con- 
sidered intimately related to the latter. Unlike Actinomyces, Nocardia is 
aerobic and primarily saprophytic, occurring on grasses, grains, and in the 
soil. In staining reactions it may or may not be acid-fast. Occasionally it 
gains access to the human body by airborne contamination or by introduc- 
tion into previously traumatized tissues; and it may then disseminate widely 
by hematogenous routes. While rather sensitive to sulfonamides, it is rela- 
tively resistant to penicillin. 

Pulmonary involvement in nocardiosis constitutes the most common 
clinical manifestation, thus, like actinomycosis proper, often simulating tu- 
berculosis. While neurological complications are relatively rare in actinomy- 
cosis, involvement of the central nervous system, most often in the form o! 
brain abscesses, has been reported in approximately 30 per cent of the cases 
of nocardiosis, thus rendering the prognosis of the latter more serious. 

Since all known cases of nocardiosis of the central nervous system pu! 
lished to date, except 1 case of meningitis, were diagnosed either pretern - 
inally or post mortem, the following case report of a 42-vear-old Negro, : 
present alive and well 15 months following excision of a Nocardia bra 
abscess, appears worthy of recording. 


CASE REPORT 


On April 22, 1952, C.K., a 42-year-old Negro laborer, was admitted to t! 
Neurological Section of the Bronx V.A. Hospital with a 4-day history of right-side 
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niparesis beginning in the leg and extending to the upper extremity. There had 
‘n no headaches, convulsions, head trauma, unconsciousness, fever, or loss of 
ght. 
The past history revealed an episode of right-sided pneumonia in 1938. Following 
discovery of a positive blood serology in 1943, antiluetic treatment in the form 
enicillin was given. During 1944, the patient was discharged from the Army with 
diagnosis of bronchial asthma; and since that time daily chronic cough, produc- 
- of greyish-white sputum, had been present. For the past 10 years the patient had 
na heavy cigarette smoker. 
Examination. The patient was right-handed, well-developed, alert and cooper- 
ve. He did not appear acutely ill. The temperature was 98.6°F., pulse rate 80, 
| B.P. 114/80. There was diminished resonance with increased breath sounds over 
right upper lobe posteriorly; wheezes and rhonchi were heard throughout the 


ne 
7 ao) hie 


Fig. 1. (A) Admission chest film showing consolidation in right upper lobe. (B) Chest film of 
December 1952; note clearing of previous consolidated area of right lung. 


chest. Positive neurological findings were marked weakness with areflexia of the 
right arm and leg, and an abnormal extensor plantar response on the right. 

Routine laboratory tests and skull films were noncontributory. Roentgenograms 
of the chest showed consolidation of the subapical segment of the right upper lobe 
consistent with a diagnosis of bronchogenic carcinoma (Fig. 1A). A slow wave focus 
in the left motor area was present in the EEG. 

Course. On the 2nd hospital day the patient had a series of right-sided Jackson- 
ian seizures, following which a complete right hemiplegia developed, while the state 
of consciousness remained unchanged. Percutaneous left carotid arteriography on 
the 7th hospital day revealed mild depression of the left middle cerebral artery. A 
diagnosis of a metastatic bronchogenic carcinoma occupying the left motor cortex 
in the parasagittal area was made. 

Operation. On May 1, 1952, under penicillin coverage and endotracheal an- 
esthesia, a left frontoparietal craniotomy was performed. The exposed cortex re- 
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vealed flattening of the pre- and postcentral gyri. A round, firm, encapsulated ma- ; 
was encountered parasagittally in the precentral gyrus approximately 1-13 cn . 
below the surface. This mass was freed from the surrounding white matter on a’! 
sides down to a depth of 7 em., and then removed in toto after some adhesions to th. 
falx and superior sagittal sinus had been severed. During the process of removal, tlc 
‘apsule of the mass was broken into, and a small amount of greenish-yellow pus 
escaped. The operative field was irrigated with penicillin solution, and closure of the 
dura mater and of the remainder of the wound in layers was then carried out. The 


Fic. 2. Photomicrograph of surgical specimen showing focal abscess with leucocytic infiltration. 
Hematoxylin eosin stain, X 100. 


patient withstood the procedure well; postoperatively he was placed on antico 
vulsive, penicillin and aureomycin therapy. 

Pathological Examination. The surgical specimen consisted of a 3.5 X2.5 X2 en 
rounded mass covered by greyish-yellow fibrinous exudate; on section of the mass 
multiple, well-cireumscribed, focal abscesses were noted. Microscopically these co 
sisted of necrotic material and polymorphonuclear leucocytes, some of which e 
tended into the surrounding tissue (Fig. 2). Rare colonies of basophilic branchi 2 
filaments, without definite clubbing, were seen in the center of some of the absc« 
‘avities (Fig. 3). 

Bacteriological Report. Pus obtained at operation showed on smear a few gral 
positive and gram-negative non-acid-fast rods; on culture it yielded a filamento 
aerobic gram-positive, non-acid-fast fungus, later identified as belonging to t! 
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nus Nocardia. The same organism was also cultured from a sputum specimen ob- 
ined on the12th postoperative day. In vitro tests proved it to be sensitive to aureo- 

‘cin, chloromycetin, streptomycin, terramycin; and resistant to penicillin. 

Since the Nocardia isolated from our patient apparently differed from any pre- 
ously described species, a detailed description of its biological characteristics will 
the subject of a separate publication. 

Postoperative Course. The only complication was the transient accumulation of 
‘id under the scalp flap, which subsided following aspiration and the application 
pressure dressings. By the end of the Ist postoperative week, the density in the 
est film began to clear. Gradual recovery of function in the fingers, hip and knee 


Fig. 3. (A) Photomicrograph of Nocardia in excised brain abscess. Hematoxylin eosin stain, X 600. 
(B) Another agglomeration of Nocardia in brain abscess. Hematoxylin eosin stain, 600. 


occurred during the 2nd week; and by the end of the Ist month the patient was able 
to ambulate with support. He received a total of 80 million units of penicillin and 75 
grams of aureomycin over a period of 6 weeks; further antibiotic therapy was then 
discontinued in view of progressive clearing of the chest film. 

By July 1952, free ambulation with the aid of a foot brace was possible. The 
x-rays of the chest at that time showed few linear fibrotic strands in the periphery of 
the right midlung, and remained unchanged thereafter (Fig. 1B). Examination of 
the spinal fluid in August 1952, revealed only a slight elevation in protein content of 
57 mg. per cent. A sputum specimen obtained in December 1952, again yielded 
Nocardia on culture, although later cultures remained negative. Occasional right- 
sided Jacksonian seizures have occurred. The main neurological residual is a right- 
sided hemiparesis, most marked in the lower leg and foot, permitting ambulation 
and a fairly good use of the involved arm and hand. 
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REVIEW OF THE LITERATURE 


All known verified cases of nocardiosis of the central nervous system have 
been summarized in Table 1, which includes 18 patients with cerebral or 
cerebellar abscesses, and 1 with meningitis. In Pribytkow and Maloletkow’s” 
case, which at autopsy showed meningitis and an intramedullary cord ab- 
scess extending from T2 to the conus medullaris, the diagnosis is suspected 
but bacteriological verification is lacking. 

The patients range in age from 20 to 65 years, and males are affected more 
frequently than females. In general, neurological symptoms begin several 
months after the onset of extraneural manifestations such as cough or sub- 
cutaneous abscesses. Clinically, no distinct entity exists; neurological signs 
are related to localization within the central nervous system and to increased 
intracranial pressure. Pathologically, focal abscesses are much more common 
than primary meningitis. In almost all autopsied cases there have been addi- 
tional visceral lesions, predominantly in the lungs and in the subcutaneous 
tissues. 

Systemic nocardiosis, without involvement of the central nervous system, 
was invariably fatal up to 1944. Since then a few recoveries followed therapy 
with sulfonamides, either alone or in combination with penicillin,®7::!%.* 
and in one instance following the use of penicillin and streptomycin.’ In cases 
in which there were neurological complications, the use of sulfonamide drugs 
and of antibiotics did not significantly alter the prognosis. However, the sin- 
gle patient with Nocardia meningitis on record recovered following massive 
doses of sulfadiazine, penicillin and streptomycin administered by intrave- 
nous, intramuscular and intrathecal routes.“ On the other hand, antibiotic 
therapy in conjunction with craniotomy failed to avert the fatal outcome in 
3 patients®:!*-*4 who apparently showed neurological complications of greater 
severity and chronicity in comparison to our case. 

The use of aureomycin following the removal of a cerebral abscess in our 
patient was instituted empirically because of the presence of a few gram- 
negative rods in one of the preparations of the pus obtained at operation. 
These gram-negative organisms were never recovered again and were consid- 
ered to be contaminants. However, in vitro tests proved the Nocardia iso- 
lated from the abscess to be sensitive to aureomycin later on. The case ob- 
served by us constitutes the only reported instance of recovery from pulmo- 
nary nocardiosis complicated by a metastatic cerebral abscess. 


SUMMARY 


1. A case of pulmonary nocardiosis with development of a metastatic 
cerebral abscess has been reported. The patient underwent successful excision 
of a left frontal abscess and received penicillin and aureomycin in the post- 
operative course. Complete remission persists 15 and 13 months from the 
time of surgery and the time of discontinuance of antibiotic therapy, respec- 
tively. 

2. The literature on nocardiosis and its neurological aspects has been re- 
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viewed. In a case of cerebral abscess, early surgical removal accompanied by 
intensive administration of sulfonamide drugs and of broad spectrum anti- 
biotics appears to be the treatment of choice. Although a rare disease, no- 
cardiosis should be considered in the differential diagnosis of metastatic brain 
abscesses or even tumors originating from primary pulmonary lesions. 


The authors wish to express their gratitude to Dr. Benjamin S. Gordon, Chief, 
Laboratory Service, for advice and assistance. 
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WATER EXCHANGE IN THE BRAIN AND 
CEREBROSPINAL FLUID 


STUDIES ON THE INTRAVENTRICULAR INSTILLATION 
OF DEUTERIUM (HEAVY WATER)* 
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Neurosurgical Research Laboratory and Neurosurgical Service of the 
Children’s Medical Center, the Surgical Service of the Peter 
Bent Brigham Hospital and the Department of Surgery, 
Harvard Medical School, Boston, Massachusetts 


(Received for publication October 29, 1953) 


Is paper describes studies that have been made on the cerebrospinal 

fluid (CSF) using deuterium oxide (DO, heavy water) as a water 

tracer to measure the water exchange from the cerebral ventricles into 
the blood. The disappearance of many other substances from the CSF has 
been studied by others.* These substances have always been used to identify 
CSF as a whole, and its movement, and many of the conclusions derived 
from these studies have been based on the premise of this identification. How- 
ever, without more evidence that any one substance is representative of the 
CSF this is an invalid assumption, just as in the case of the blood plasma it 
would be invalid to assume that any one substance or ion represented all 
the constituents of the plasma. Until evidence is produced to show that 
the movement of the CSF is represented by any one substance, each should 
be considered separately and, therefore, in these experiments on water ex- 
change it must be remembered that water alone is being measured and this 
is not necessarily a measure of any other component of CSF nor is it neces- 
sarily a measure of accumulation or absorption of CSF. 

There have been several reports of specific pharmacological effects of DO 
on the central nervous system. In mice when D.O replaced one-half of the 
body water svmpatheticomimetic effects have been observed.!* It is not 
certain that these were all caused by specific activity on the nervous system 
as there were also general metabolic disturbances. Herrmann’ showed that in 
cats subdural injection of DO caused depression of activity and sometimes 
a cataleptic state which completely disappeared in 24 to 36 hours. During 
this period there was also a depression of electrical activity as measured by 
electroencephalograms (EEG). He also produced changes in the EEG with 
D.O applied directly to the cortex. None of these effects was reproduceable 
by control experiments with normal saline solutions. 

In primates similar catatonic effects were produced if DO was injected 


* This investigation was supported in part by a research grant B-157(C) from the National Institute 
of Neurological Disease and Blindness of the National Institutes of Health, Public Health Service. 
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ubdurally in amounts of 3.3 ec. per kg. body weight. All of the animals re- 
‘covered and these effects could not be repeated in the same animal. D.O 
‘aused no effect on sciatic conduction of frogs nor does aortic perfusion of 
).0 affect the frog spinal reflex are. Direct application of D.O to the spinal 
‘ord of a cat had no effect on the knee jerk of a nerve-muscle preparation. 

Stern and Dancey” reported studies on psychiatric patients after injec- 
ion of D.O into the lumbar subarachnoid space. They injected up to 20 ce. 
if 99.8 per cent D.O as an isotonic saline solution and were unable to find any 
iteration of clinical state, neurological system, temperature, pulse, blood 
yressure, respiration, basal metabolic rate, sugar tolerance, blood cholesterol 
wr kidney function. There was some CSF pleocytosis which lasted several 
lays. 

Most of the adverse pharmacological effects of D.O reported in the liter- 
iture occurred only when the dosage was 3 cc./ kg. or greater. For the present 
study a dosage of 1 ec./kg. was adequate from the analytical point of view, 
but because the possibility of effects from high intraventricular concentra- 
tions remained the experiments were conducted with considerable caution. 


MATERIALS AND METHODS 


D.O, 99.8 per cent pure, made into 0.8 per cent NaCl solution, was in- 
jected in amounts of 0.4 cc. to 2.4 cc. per kg. into the cerebral ventricles, or 
cisterna magna, and subsequently CSF samples were taken from the cere- 
bral ventricles, cisterna magna and lumbar subarachnoid space and blood 
samples were taken from the superior longitudinal sinus or antecubital vein. 
D.O analysis was carried out by densimetric’ and mass spectrographic meth- 
ods." Monkeys (Macaca mulatta) were used for all animal experiments. All 
patients were from the Neurosurgical Service of the Children’s Hospital. 

A brief discussion of the interpretation of tracer dilution data is included 
for those unfamiliar with these techniques. 

When a new substance or tracer is introduced into a volume of fluid by 
diluting it with a solution of uniform concentration the changes in concen- 
tration follow an exponential curve. Thus if equal volumes of two solutions 
are mixed, one containing the tracer and one not, the resulting concentration 
of tracer will be 50 per cent that of the tracer-containing solution. If this mix- 
ture is again diluted by one-half with the tracer-containing mixture, the con- 
centration rises to 75 per cent, in the next step to 873 per cent, then to 933 
per cent, ete., ete. If the tracer solution is being diluted this process goes in 
reverse: the concentration drops to 50 per cent, 25 per cent, 123 per cent, 
61 per cent, etc., etc. with successive dilutions. In a continuously operating 
system of constant volume in which the tracer-containing solution is flowing 
into the non-tracer-containing solution the time required for the concentra- 
tion to reach 50 per cent of the tracer-containing solution is known as the 
half-time as it indicates that one-half the original volume has been removed 
and replaced by an equal volume of tracer-containing solution. If the tracer 
is being diluted in a continuously operating system the time required for the 
tracer concentration to drop to one-half its original value is the half-time. 
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When this method of interpretation is used on biological systems the half- 
time serves as a crude measure of the tracer exchange rate. In the discussion 
of the results of the experiments reported in this paper the terms “ventricular 
exchange half-time,” “‘appearance half-time” and “‘half-volume”’ will be fre- 
quently used. They are defined as follows: “‘ventricular exchange half-time” 
is the time required for one-half the D,O to be removed from the cerebral 
ventricles after intraventricular injection; “appearance half-time” refers to 
the time required after intravenous injection of D.O for the CSF D.O con- 
centration to reach one-half that of the blood-CSF equilibrium concentra- 
tion; “half-volume” means half of the volume of CSF in the compartment 
considered. ““Exchange” refers to the movement of D.O out of or into the 
CSF and H.O moving simultaneously in the opposite directions. 


STUDIES ON THE NORMAL CEREBROSPINAL FLUID SYSTEM 

D.0 was injected intracisternally in monkeys in amounts up to 1.9 ee. /kg. 
without any adverse effect. The D.O appeared quickly in the blood in high 
concentration and this rapidly fell to an equilibrium level. As these experi- 
ments did not seem to affect the monkeys in any way the studies were trans- 
ferred to patients. 

Intraventricular instillation of D,O was carried out in 4 grossly retarded 
children with normal ventricular systems and CSF circulation. In the first 
patient an EEG was taken and then D.O as 0.8 per cent NaCl was instilled 
into the ventricle in the amount of 0.43 ec./kg. The EEG was run intermit- 
tently for 3 hours without finding any abnormality. This was repeated in an- 
other child using a 1 ec. kg. dose of D.O without any visible effect. In a third 
child a still higher dose of 2.4 ec./kg. was used and again no abnormalities 
were noted in the EEG or in the clinical status of the patient. Samples of 
blood taken from these patients 1, 2 and 3 hours after instillation showed 
D.0 levels consistent with complete mixture of the D.O with the total body 
water. This is what would be expected from the studies of intravenously in- 
jected D.O. 

In another patient 1 ec./kg. of body weight of D.O saline solution was 
instilled into the cerebral ventricle and its appearance followed in the supe- 
rior longitudinal sinus blood and the cisternal and lumbar CSF. The D.O 
appeared very rapidly in the superior longitudinal sinus blood and soon 
achieved a stable level. It appeared quickly in the cisterna magna CSF; the 
concentration then fell, as did the ventricular concentration, almost reaching 
equilibrium with the patient’s blood in 3 hours. Because of technical difficul- 
ties only two lumbar CSF samples were obtained. However, the second sam- 
ple at 3 hours showed the same concentration of D.O as the cisterna magna 
and the ventricles. These results are shown in Fig. 1. 

The interpretation of these data must be approached with the utmost 
-aution. The introduction of the D.O in the amounts used causes such general 
disturbance of intraventricular conditions that it cannot be assumed that 
the measuréd results are representative of the normal conditions. The 
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amount of D.O injected was probably equal to the volume of one ventricle 
so that the fluid already present must have been stirred up, and as the injec- 
tion was made into the anterior horn, it is not at all unlikely that some of the 
injected material went into the third ventricle and through the aqueduct into 
the fourth ventricle and cisterna magna. 

It is difficult to draw any conclusions about how or where the water gets 
from the ventricles into the blood. The first blood specimen was not taken 
until 16 minutes after the instillation and at this time the D.O concentration 
in the blood was so nearly the equilibrium value that about 85 per cent of 
the D.O must have been exchanged with H.O from the blood. This means 
that the ventricular D.O exchange half-time of this patient is in the neigh- 
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borhood of 5 minutes* which is in good agreement with the normal ventricu- 
lar D.O appearance half-time of 2 to 11 minutes after intravenous injection 
of D.O.4 These data are summarized in Table 1. 


TABLE 1 


D.O exchange after intraventricular instillation studies on patients 
with normal cerebrospinal fluid systems 





(one Age Dose D:O0 Clinical Effects V entricular Exchange 
Patient Sex heed ce. /kg of D.O Half-Time Based on 
oe ded . TBW* 
E. G. M 73/12 0.43 None noted t 
J. B. F 4 5/12 1.0 None noted + 
me. 0. M 8/12 i | None noted About 5 minutes 
12 2.4 None noted 


S. RB. F 3/ 


* Total body water. 
+ No blood samples taken early enough to make any reasonable estimates of the ventricular ex- 
change half-time. 


STUDIES ON PATIENTS WITH HYDROCEPHALUS 

Three patients with hydrocephalus have been the subjects of four experi- 
ments. The 2 patients with non-communicating hydrocephalus each studied 
once with intraventricular D.O, had been previously studied for D.O appear- 
ance in the CSF following intravenous injection. One patient with communi- 
-ating hydrocephalus was studied before and after arachnoid-ureterostomy.° 

In 1 infant with an obstructed aqueduct of Sylvius, D.O was instilled into 
one cerebral ventricle and the concentration changes in the CSF of both ven- 
tricles and the sagittal sinus blood were followed (Fig. 2). It required 2 hours 
for the tracer to reach equilibrium between the two ventricles. This suggests 
a lack of movement of CSF and very poor mixing characteristics of the ven- 
tricular svstem. The experiment was carried on for another 2 hours, and al- 
though the blood and CSF were not in equilibrium it could be calculated that 
82 per cent of the D.O had been absorbed. This calculation was based upon 
a total body water (TBW) determination previously made on this patient 
by intravenous injection of D.O*!° and the assumption that the blood D.O 
level represented the concentration of D.O in the total body water. The D.O 
ventricular exchange half-time estimated from the above calculations was 
found to be about 100 minutes which was in good agreement with ventricular 
D.O appearance half-times of 90 and 120 minutes measured after intrave- 

* This estimate is based upon two assumptions. (1) The blood D.O concentration represents the 
total body water (TBW) D.O concentration. (2) The TBW volume can be calculated from the blood 
D.O concentration at equilibrium as described by others.!° Since the concentration of tracer in the TBW 
and the total body water volume are known, it is a simple matter to calculate the amount of D.O that 
has been removed from the CSF. This was found to be 85 per cent of the amount of D.O injected into 
the ventricle. The principles of successive dilution as outlined in the methods section show that about 3 
successive half-dilutions must have occurred to remove this fraction of the injected tracer. The time 
required for these 3 half-exchanges was 16 minutes, which means the half-time is about 5} minutes. 
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nous injection of D.O. This same agreement between the D.O exchange half- 
time of intraventricular and intravenous D.O was found in the other infant 
with non-communicating hydrocephalus (Table 2). In the second infant the 
appearance of D.O in the lumbar CSF was also studied. It did not appear in 
the lumbar CSF until after it had appeared in the blood. The lumbar D.O 
concentration soon rose to equal that in the blood and then followed the 


TABLE 2 


D.O exchange after intraventricular instillation. Studies on hydrocephalic patients 


Ventricular Exchange Half-Time 








‘ " om — Age 
Pt. ee - (years) Based on TBW after Appearance Half-Time 
Intravenous D.O after Intravenous D.O 
A.W. = Non-communicating M 3/12 180 min. Over 180 min. 
hydrocephalus 
K.C. Non-communicating F 3/12 100 min. 90-120 min. 
hydrocephalus 
S.K. Communicating M 4/12 *90-100 min. 
hydrocephalus 
S.K. Communicating M 5/12 80 min. 


hydrocephalus after 
successful surgical 
treatment 


* Some tracer lost on injection so that this calculation has an additional error in it which tends to 
increase the calculated exchange time. 
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blood curve but never exceeded it. This suggests that the lumbar D.O was 
blood borne. 

The results of the studies on the patient with communicating hydroceph- 
alus are similar to those seen with obstructive hydrocephalus. The D.O ex- 
change is slower than in the normal patient but the CSF and blood do reach 
equilibrium in a few hours. The speed of exchange seemed to be dependent 
upon the size of ventricles rather than on the presence or absence of an ob- 
struction in the aqueduct. In the preoperative studies (Fig. 3) the sudden 
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Fig. 3. S.K. Communicating hydrocephalus. Studies made before intraventricular instillation of 
D.O, and after successful arachnoid-ureterostomy. The appearance of D.O in the sagittal sinus blood 
was so nearly the same in both experiments that one line satisfied the data in both studies. 


high concentration of the D.O in the cisternal samples and the low ventricu- 
lar concentrations suggest that the D.O was injected almost directly at the 
foramen of Monro, allowing rapid passage into the cisterna magna. In the 
postoperative studies the ventricular and cisternal curves are quite different 
and are consistent with complete intraventricular instillation. However, the 
early rapid rise of the lumbar D.O concentration without much increase 
later on suggests a current caused by the injection. The appearance of D.O 
in the blood stream is equally rapid pre- and postoperatively, which shows 
that although the hydrocephalus has been brought under control with daily 
elimination of about 150 cc. of CSF via the bladder, there is no essential 
change in the molecular water exchange in this child. These studies are sum- 
marized in Fig. 3. The D.O appearance in the blood is so nearly identical in 
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the pre- and postoperative studies that only one line has been drawn for both 
experiments. 

In this latter patient no studies were done on the ventricular appearance 
f D.O after intravenous injections of D,O; however the estimated half-time 
in ventricular D,O exchange of 80 to 100 minutes is in the same range as the 
D.O appearance half-time found in similar patients.‘ The pre- and postopera- 
tive differences in the estimated ventricular half-time seen in this patient 
‘-annot be considered significant because some of the tracer was lost at the 
first injection causing an error that would tend to raise the exchange half- 
time. 

There were 50 cc. of urine produced (patient was on catheter drainage) 
luring the period of the experiment. It had a D.O concentration which was 
well below both the early lumbar CSF and final blood levels. It probably 
came from the remaining kidney and reflects the low concentration of the 
blood with little or no contribution from the CSF. 

After reaching equilibrium concentration, the D,O disappeared simul- 
taneously from the blood and CSF of all patients, normal and hydrocephalic. 


DISCUSSION 


The introduction of D.O into the ventricles causes disruption of the phys- 
iological status of the CSF because of a suddenly added volume and because 
of the currents produced. These factors make these experiments almost val- 
ueless from the point of view of internal movement of CSF. However, in 
spite of these extraneous currents it can be said with considerable assurance 
that in the infant with non-communicating hydrocephalus the mixing char- 
acteristics were very poor. These same considerations of mixing qualities 
make this type of experiment involving intraventricular instillation of any 
ion or molecular tracer exceedingly difficult to interpret. Another important 
consideration is the blood samples. To ascertain how much tracer is being 
taken up at any one time, both arterial and sagittal sinus blood must be used. 
In these children consideration of size and blood volume limited the studies 
to venous samples alone. 

Obstruction of the aqueduct of Sylvius does not prevent removal of D,O 
from the ventricular CSF, and the D.O exchange seems to proceed at the 
same rate whether given intravenously or placed in the ventricle. The pas- 
sage of D.O from the ventricular CSF to the blood stream is slower in the 
hydrocephalic patients than in the normal patients, but this is to be expected 
because in the hydrocephalic patient the exchange area-volume ratio is much 
smaller than in the normals. This principle has been covered in detail else- 
where in studies on the appearance of D,O in the CSF.‘ 

Subarachnoid-ureterostomy did not appear to affect the amount or rate 
at which the D.O entered the blood. This suggests that the physiological 
range of CSF pressure changes does not affect molecular movement of water, 
and its movement is controlled by the laws of diffusion. 








242 EDGAR A. BERING, JR. 


SUMMARY 


1, Small amounts of D.O can safely be put into the cerebral ventricles 
without causing abnormalities in the EEG or general clinical status of a 
patient. 

2. In the normal state D.O placed in the cerebral ventricles is in equilib- 
rium with the total body water in about 3 hours. 

3. The D.O exchange half-times after intraventricular D,O were in very 
good agreement with the D.O appearance half-times after intravenous D,O. 

4. In obstructive hydrocephalus, the tracer appearing in the lumbar re- 
gion is probably carried there by the blood after being absorbed from the 
ventricle. 

5. In spite of the upset of physiological status following an intraventricu- 
lar injection of saline, there seems to be very little gross movement of CSF 
in an infant with non-communicating hydrocephalus. 

6. Studies on patients with non-communicating hydrocephalus and on 
patients with communicating hydrocephalus undergoing subarachnoid- 
ureterostomy show that the exchange of water is independent of the accu- 
mulation of CSF. 
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TUBERCULOMAS OF THE BRAIN AND CEREBELLUM 
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HE results of the surgical removal of tuberculomas of the brain and 

cerebellum have been transformed in recent vears by the judicious use 

of Streptomycin associated with other antibiotics. Formerly tubercu- 
lous meningitis was a common occurrence in the postoperative period, and 
almost all patients with tuberculomas of the cerebellum and the majority of 
those with a tuberculoma of the brain succumbed. Nowadays, by observing 
certain precautions the postoperative results are greatly improved. 

A few years ago, some of the foremost neurosurgeons still performed a 
mere decompression associated with medical therapy. Now, under the pro- 
tection of antibiotics, it is possible to remove, even piecemeal, all of the in- 
tracranial tuberculomas that are surgically accessible. 

This complete change in prognosis was particularly appreciated in North 
Africa, where the incidence of intracranial tuberculomas is very high, chiefly 
among young people, and especially among natives. 

INCIDENCE 

Only 3 of the patients were European; 35 were natives. 

Fifteen patients were under 16 years of age, and of the 23 adults, the 
majority were between 20 and 30 years of age. Our oldest patient was aged 
60 vears. 

There were 12 females and 24 males. 

Most of the intracranial tuberculomas appeared as primary lesions and 
there were only few cases in which there was an associated tuberculosis in 
the lung or elsewhere. But those patients usually lived in a badly infested 
family. 

PATHOLOGY 

Sixteen (42.1 per cent) of the tuberculomas were located in the posterior 
fossa: 7 in the right hemisphere, 7 in the left, 1 in the vermis, and 1 in the 
brain stem. 

Contrary to what has usually been held, location in the cerebral hemi- 
spheres was more frequent. There were 22 (57.9 per cent), situated as follows: 
10 in the right hemisphere; 10 in the left; and, in 1 instance, in both frontal 
lobes. 

The lobes most frequently affected were in order: (1) the parietal lobe, 
(2) the occipital, (3) the temporal, and (4) the frontal. 


* 3 Rue Lafayette, Algiers, Algeria. 
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Gross Pathology. When the bone flap is lifted, one may find that the dura 
mater has an unusual appearance. It is often rough, with small foci of bone 
metaplasia. The dura mater is often adherent to the tuberculoma. In some 
cases, tuberculous granulations on the pia mater make the diagnosis clear. 
The convolutions are flattened, and sometimes there is marked edema of the 
brain. The brain is yellowish and has a jelly-like consistency, because a cer- 
tain amount of tuberculous encephalitis always exists around the tubercu- 
loma. This is more marked with cerebral tuberculomas than with those of 
the cerebellum. 

Antibiotics have a strong effect on this encephalitis and thus prevent in- 
fection of the meninges. One can easily remove the tuberculoma from the 
surrounding area of encephalitis. Usually the tuberculoma has few blood ves- 
sels. However, in 2 cases of parasagittal tuberculomas that were highly vas- 
cular, the diagnosis of meningioma was suspected. 

The shape of the tumor may vary (Fig. 1). It is generally round, and of- 
ten “bun like.” The size is usually greater than anticipated, especially in 
cases of tuberculoma of the posterior fossa. Most of those we operated on 
were bulky, their size varying between that of a walnut and a tangerine. A 
huge one weighed 210 grams; the smallest one was surrounded by an exten- 
sive area of tuberculous encephalitis. In one case a coating of multiple tuber- 
culomas was found around the frontal lobe. 





Fic. 1. Tuberculomas of the 
brain. 


Some tuberculomas, though comparatively rarely, are not amenable to 
any form of surgical treatment. Classically, when sectioned, the tumor re- 
sembles a raw chestnut, although sometimes it has the appearance of a chron- 
ic tuberculous abscess because of calcification or caseification. 
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CLINICAL ASPECTS 


Cerebral and cerebellar tuberculomas behave like all intracranial tumors 
and give differing signs, according to their location. However, some peculiar 
points may be noted: First is the importance of intracranial hypertension, 
which progresses very rapidly and often obscures all other signs. Many 
patients (50 per cent) came to the hospital when they were already blind, 
with secondary atrophy and signs of compression of the brain stem (nuchal 
rigidity, mydriasis on one side only). 

Though the natives are strongly fatalistic, that is not the only reason for 
their deferring any consultation. Another factor is the rapid increase in in- 
tracranial pressure, which is caused more by the tuberculous encephalitis than 
by the size of the tuberculoma. 

When located in the posterior fossa, the high intracranial pressure is con- 
spicuous and the cerebellar symptomatology is very poor, and in such in- 
stances among young natives, we often suspect a tuberculoma. 

When located in the brain, they may cause but few more symptoms. We 
noted some Jacksonian fits (in 4 of 22 cases) and even less often, generalized 
epilepsy. Frequently, lateral homonymous hemianopsia and hemiplegia were 
the only signs associated with high intracranial pressure. 

Roentgenograms of the skull revealed the syndrome of intracranial hy- 
pertension: “finger prints,” separation of the sutures, and erosion of the sella 
turcica. Calcification of a tuberculoma was rarely seen. 

Examination of the fundi revealed papilledema, and, in 50 per cent of the 
cases, secondary atrophy of the optic nerve. 

X-rays of the chest were systematically performed and, in a few cases 
only, showed pulmonary tuberculosis associated with the brain lesions. 

Electroencephalographic Findings. Of 11 patients who had electroenceph- 
alography, 8 suffered from cerebral tuberculomas, and 3 from cerebellar tu- 
berculomas. The basic rhythm was often slowed (7-9 c¢/sec. in the cerebral 
location of the pathological process). Diffuse fast activity was recorded in 4 
cases: 2 tuberculomas of the left cerebellar hemisphere, 1 tuberculoma which 
damaged both frontal lobes, 1 which was deeply located in a cerebral hemi- 
sphere. This fast activity in cases of tumors of the posterior fossa and lower 
brain stem and, lately, of tumors of the cerebral hemispheres, has been pre- 
viously described by others. 

It seems of interest to emphasize the great number of spiky abnormalities 
with this kind of tumor (recorded in 6 out of our 8 cerebral cases). These 
abnormalities consist of sporadic or continuous fast spikes, sharps, spike and 
waves which were closely localized to the area of tumor or lateralized to the 
injured side; they might also appear as random discharges of rhythmic 
sharps or spikes, in the opposite side, or diffuse. One of our patients showed 
paroxysmal activity of rhythmic temporal spikes which resolved clinically 
in a psychomotor fit. 

These changes might be the only sign of the tuberculoma or be associated 
with localized slow activity (delta-téta waves); one must observe that this 
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spike activity agreed partially with clinical data, since these tracings were 
found among the 3 epileptic patients we were able to record. 

Ventricular puncture may be sufficient when a tuberculoma of the poste- 
rior fossa is involved. It reveals the hydrocephalus with hypertension which 
corroborates the diagnosis of the location. When a tuberculoma of the cere- 
brum is concerned, it can be met by the ventricular needle. 

Ventriculography (Fig. 2) is not free from dangers. It can increase the 
cerebral edema which is always important because of the tuberculous en- 
cephalitis and may cause serious accidents, such as squeezing of the brain 
stem. The tuberculomas of the posterior fossa give a threefold ventricular 
expansion which can vary in importance. The X-ray appearance of the tuber- 
culomas of the brain is much the same as that of brain tumors: dislocation or 





Fic. 2. Ventriculograms in cases of tuberculoma. Note signs of intracranial 
hypertension and squeezing of the temporal lobe. 
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indentation of the ventricular system; a shift in the ventricles denotes fre- 
quently a temporal lobe squeezing. 

Angiography (Fig. 3) is the preferred means of localization of a tubercu- 
loma of the hemisphere. The vessels are pushed aside by the tumor and dis- 
appear in its locality. 





Fic. 3. Angiogram in a case of tuberculoma of the right parietal lobe. 


TREATMENT 


Until these last years, brain surgeons had the constant fear of tuberculous 
meningitis when they tried to remove a tuberculoma, especially when the le- 
sion was in the cerebellum. Indeed, infection of the spinal fluid occurred 
when piecemeal removal of the tuberculoma had to be made (particularly in 
the posterior fossa). But tuberculous encephalitis also aggravated the condi- 
tion. Though the spinal fluid often was under shelter because of the adher- 
ence of the cortex to the meninges, this was too frail and small a defense to 
allow a dry operation. Tuberculosis of the meninges occurred in the post- 
operative course in most cases of tuberculoma of the brain, and always after 
removal of a tuberculoma of the cerebellum. Therefore it became Cushing’s 
custom when a cerebellar tuberculoma was surgically disclosed to leave the 
operation as a decompression and to prescribe heliotherapy. 

Today, through the use of Streptomycin, the problem is quite different 
and when the diagnosis has been established, treatment must be instituted 
as soon as possible. The method of extirpation varies according to whether 
the tuberculoma is in the brain or cerebellum. 

Tuberculomas of the Brain Hemispheres. Once we know by angiography 
the exact location of the tuberculoma, the flap is cut where needed. Usually 
the dura mater is very tight because of an underlying cerebral edema; when 
it is opened, the brain protrudes, and one can see the convolutions, flattened 
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just as they are over a cerebral tumor. In some cases, small granulations, 
typical of tuberculosis, have formed, especially along the vessels. 

A tuberculoma may reach the level of the cortex, and in that case the 
dura mater and cortex are adherent. If not, brain puncture with Cushing’s 
needle locates the lesion and an approximate estimation of its size may be 
made. A cortical incision identifies the nature of the tumor. A cap of the 
cortex that covers the encephalitic zone is resected. It is not absolutely nec- 
essary to remove all of this parenchyma, especially when it is close to a highly 
functional area. 

The tuberculoma is easily extirpated. It usually has few vessels and these 
are coagulated as the surgical removal proceeds. The ventricle should not be 
opened if possible. The cerebral edema gradually disappears and the brain 
slackens after a careful check of bleeding. Streptomycin powder (1 gm.) is 
left in the cavity. The wound is then closed as usual in brain surgery. 

When the tuberculomas are located in the frontal, occipital or right tem- 
poral lobes, a typical lobectomy can be performed with removal of the tuber- 
culoma and the surrounding zone of encephalitis. 

Tuberculomas of the Cerebellum. We use a “‘cross-bow’’-like incision on 
one side only; then make a permanent resection of the occipital, which gives 
a wide exposure of the posterior fossa. 

When no exact location has been determined, we begin by a midline inci- 
sion and open sideways as needed. We almost always have to perform a 
ventricular puncture. The meninges are then opened, the posterior occipital 
vein is ligatured and the cerebellum is freed by opening the cisterna magna. 

As soon as we suspect a tuberculoma, we protect the cisterna magna 
constantly by a piece of cotton moistened with Streptomycin, so that the opera- 
tion is done under a continuous flow of antibiotic. 

The tuberculoma sometimes reaches the cortex, but more often we have 
to puncture to locate it. A flap of cerebellar cortex is then lifted up so that 
the lesion is best exposed. 

But, unless it is a very small one, it is very difficult to remove it whole. 
Its size is often huge, so that we have to proceed by piecemeal extirpation, 
first emptying the tuberculoma. This is not without danger because of the 
brain stem which is often displaced and crushed, and, in the postoperative 
course, the patient often has to be left in the same position for several days. 
After a careful check of the bleeding, Streptomycin (1 gm.) is left im situ. 
Most of the tuberculomas can be totally removed. 


PRE- AND POSTOPERATIVE COMPLICATIONS 


We seldom met with complications in cases of tuberculomas of the brain, 
although in a few instances severe postoperative edema occurred and one of 
our patients succumbed. The latter had a medium-sized tuberculoma with 
an extensive zone of encephalitis. Before the operation, a high degree of 
edema of the brain had been successfuly treated; 3 days later under a second 
acute surge, the patient died in spite of our endeavour. At autopsy a squeez- 
ing of the temporal lobe was found. 
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TABLE 1 


Results of surgical treatment of intracranial tuberculomas 


No. of No. 








Cases Healed Diet 

Before use of Streptomycin 10 Q2 8* 
Since use of Streptomycin 28 157 13 
Total 38 17 21 

According to location 
Brain 22 11 11 
Cerebellum 14 6 8 
Brain stem 1 1 
Vermis 1 1 
38 


Total 


17 21 
* All 8 patients had tuberculous meiningitis. 
+ One patient is still being treated. 


As far as tuberculomas of the cerebellum are concerned the accidents 
come from the shifting of the brain stem after the tumor is extirpated. In 
one of our cases marked cerebral edema occurred, such as was described by 
Clovis Vincent as an exceptional and fatal accident. The patient was a wom- 
an with a very large tuberculoma of the right hemisphere that had to be freed 
from the fourth ventricle, and the edema occurred at that time. Leaving part 
of the tumor, we closed the wound as quickly as possible. The patient lived, 
and 15 days later in a second operation we were able to remove the rest of the 
tumor. This patient did not have any Streptomycin until later, and that did 
not stop a tuberculous meningitis from appearing 20 days after the first 
operation. She died 2 months later. 

This brings us to the problem of the postoperative treatment. On the 
same day when the removal is done, the patients are treated with large 
doses of Streptomycin, as well as with vitamins, calcium and so on. 

On the next day, we give two injections of Streptomycin by lumbar punc- 
ture. The fluid is checked regularly, so that the least accident is noted; this 
treatment is continued daily for about 1 month. Successful healing can be 
expected only at such a cost. 

If the ventricle happens to be opened, ventricular puncture is necessary 
for a few days, leaving 0.05 gm. of Streptomycin. 


PARTICULAR CASES 


Some locations are not surgically accessible, and in such cases only palli- 
ative operations are performed, such as third ventriculostomy for a tuber- 
culoma of the brain stem (protuberance for instance), or the Torkildsen 
procedure when the tumor is in the thalamus, the pineal body, and even 
extends to the third ventricle, so that a third ventriculostomy would not be 
effective. 

After these palliative operations we have seen many patients live much 
longer than expected and even heal completely when Streptomycin acted 
well. 
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RESULTS 

One has to remember that most of our patients were admitted to the 
hospital with a marked increase in intracranial pressure; 50 per cent were 
blind when operated upon, which accounts for the high mortality (Table 1). 

In a single case of posterior fossa tuberculoma the patient died of men- 
ingitis. The other patients had huge tumors, and some of them were nearly 
beyond the hope of any surgical treatment. 

CONCLUSIONS 

The prognosis of tuberculomas of the brain and cerebellum has been great- 
ly improved since the use of antibiotics during and after operation. 

These tumors hitherto caused many deaths. They can be healed now but 
especially in North Africa, one realizes that an earlier diagnosis would allow 
operation on moderate-size tuberculomas in contrast to the huge neoforma- 
tions that are seen in these blind patients we usually operate upon. 

Finally, three points should be emphasized in the treatment of tuber- 
culomas of the brain and cerebellum: (i) When the meninges are opened 
above a tuberculoma of the cerebellum a continuous flow of Streptomycin is 
needed. (ii) Streptomycin (1 gm.), must be poured into the bed of the tumor. 
(iii) Early in the postoperative course, treatment with Streptomycin, vita- 
mins, calcium and so on is necessary by general and local measures. 
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umors of the septum pellucidum occur infrequently and clinically are 
rarely recognized. In their extensive review, French and Bucy? pre- 
sented 5 cases and collected 31 more cases from published descriptions. 
The present case report together with 20 additional cases cited from the 
literature raises the total of confirmed cases of tumor of the septum pellu- 
cidum to 57. 
REPORT OF A CASE 

History. A 72-year-old woman was admitted to the Medical Division at St. 
Vincent’s Hospital on Dec. 26, 1952 with a history of diarrhea and vomiting of a 
month’s duration. The history was difficult to obtain because of severe bilateral 
deafness and associated abnormality of speech since early childhood, to which was 
added a language barrier. She had recently come under the care of her referring 
physician who advised hospitalization primarily for the purpose of gastrointestinal 
study. 

Examination. Except for a severe grade of bilateral deafness, no significant ab- 
normalities were noted. She was described as being cheerful, alert and uncomplain- 
ing. 

Course in Hospital. An electrocardiogram made on Dec. 27, 1952 was interpreted 
as showing changes compatible with a recent posterior wall infarct. Complete blood 
count, urinalysis, blood urea nitrogen, fasting blood sugar and blood serology were 
unremarkable. 

She vomited repeatedly on December 28 and 29. During the afternoon of De- 
cember 29 she was found sitting on the floor without apparent cause. On the next day 
it was reported that she apparently had fallen out of bed. Lumbar puncture on 
December 30 disclosed “turbid” CSF under an initial pressure of 100 mm. water, 
with 7 mononuclears per c.mm., negative Kahn and total protein of 510 mg. per cent. 

On Jan. 3, 1953, she vomited several times. About midnight, a scream was heard 
issuing from her room and she was found sprawled under the bed of a neighboring 
patient. She complained thereafter of pain in the right hip and head. A gastrointestinal 
x-ray series made on Jan. 5, 1953 disclosed a hiatal hernia. Repeat lumbar puncture 
on Jan. 7, 1953 was performed with difficulty and blood-tinged CSF under normal 
pressure was obtained. Vomiting continued frequently thereafter and she was then 
described as being tremulous and somewhat lethargic. 

On Jan. 15, 1953 she was seen in consultation by a neurologist. She appeared 
bright, alert but uncooperative. She scowled as she moved about in bed; sometimes 
she mimicked the examiner. B.P. was 170/106 in right arm in supine position. Deep 
reflexes were moderately and equally exaggerated and both plantar responses were 
extensor. The extremities could be moved freely; there was a moderate grade of cog- 
wheel rigidity of the musculature of all extremities. No evidence of papilledema was 
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detected. She made no vocal sounds during the examination. Skull x-rays were nor- 
mal. 

On Jan. 16, 1953 EEG showed a moderate grade of diffuse slowing, most prom- 
inent in the anterior halves of both cerebral hemispheres. Lumbar puncture re- 
vealed clear CSF under an initial pressure of 110 mm. water, with 4 mononuclears 
per c. mm. and 480 mg. per cent total protein. Permission for ventriculography was 
denied. 

The next evening her temperature rose to 102°, breathing was rapid and shallow; 
she became semicomatose, responding only occasionally to painful stimulatio 
Thereafter, she remained dyspneic, cyanotic and comatose and expired on Jan. <0, 
1953. 

Necropsy. The external appearance of the brain was unremarkable. When the 
brain was sectioned following fixation in formalin, a tumor of the septum pellucidum 
measuring 2.7 X3.0 X2.3 cm. was disclosed (Figs, 1, 2, 3). The tumor projected into 
the left lateral ventricle and to a much lesser degree into the right. Moderate sym- 
metrical dilatation of the lateral ventricles was evident. Both interventricular 
foramina appeared compromised, with the left being smaller than the right. The 
surfaces of the sectioned tumor appeared speckled with small pinhead-sized reddish 
areas interspersed with much larger gray and yellow patches; a dark red zone ap- 
proximately 6 mm. in diameter was centrally situated. The tumor extended into the 
inferior rim of the anterior corpus callosum for approximately 2 mm. and into the 
region of the left anterior basal ganglia about 5 mm. X-rays of coronal sections of 
brain (including tumor) did not reveal any evidence of calcification. Additional 





Fic. 1. Coronal section showing anterior limits of tumor of septum pellucidum. 
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Fic. 2. Coronal section showing posterior aspect of tumor of septum pellucidum. 


findings included: diverticulosis and diverticulitis of the rectosigmoid junction, 
benign nephrosclerosis, and emphysema. 

Microscopic Examination of Tumor. The major portion of the tumor was very 
cellular. Elongated nuclei arranged in more or less parallel streams were prominent. 
These nuclei contained fine granular chromatin material and were rather uniform 
in appearance in some areas. Spindle-shaped cell outlines could sometimes be as- 
certained. A tendency for denser accumulations of these tumor cells about vessels 
was noted. Several large areas with nuclei of highly varying appearance were located 
in the more centrally located portions of the tumor (Fig. 4). Nuclei here tended to 
be oval or spherical, varied considerably in size and sometimes appeared multilobed 
and distorted. Mitotic figures were numerous. Chromatin material of these nuclei 
stained heavily, irregularly and in many there appeared to be nucleolus-like struc- 
tures. These cells were large and their outlines when visualized were pyramidal or 
stellate in shape. 

A large necrotic zone bordering upon the left lateral ventricle occupied about 
one-third of the coronal diameter of the tumor. Amorphous granular material, 
cellular debris, including faintly visible erythrocyte outlines, and occasional nuclei 
were noted within this area. 

The tumor was very vascular in its central portions where dilated arterioles 
packed with erythrocytes were prominent. Some capillaries and small arterioles 
showed a mild grade of endothelial proliferation. In vessels adjacent to the necrotic 
zone adventitial thickening and proliferation were prominent; occasional small ves- 
sels of this zone showed round-cell collections in the adventitial layer. 

Diagnosis. Glioblastoma multiforme of septum pellucidum. 
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DISCUSSION 


The clinical manifestations of tumors of the septum pellucidum were de- 
scribed by French and Bucy‘ as predominantly the result of local obstruc- 
tion and compression. These included “episodes characterized by headache, 
occasionally visual and aural dis- 
turbances, and less frequently cata- 
plectic-like weakness; mental dis- 
turbances, particularly related to 
memory; occasionally convulsions; 
less commonly unsteadiness or 
weakness of movement or numb- 
ness.” Objective signs included 
“mental defects, frequently papil- 
ledema, less commonly paresis, par- 
esthesias, ataxia and defects of 
movement or tonus.”’ 

Sprofkin and Sciarra™ suggested 
that Korsakoff’s psychosis, charac- 
terized by partial or complete dis- 
orientation, confabulation, reten- 
tion defect and variable degree of 
amnesia, is apt to occur in brain tu- 
mor patients in whom there is ex- 
tensive involvement of the “deeply 
situated midline structures” to- 
gether with some underlying per- 

Fic. 3. Coronal section through mid portion of sonality factor. The frequent inci- 

tumor (hematoxylin and eosin). dence of mental abnormality 

particularly related to memory, 

mood and initiative was noted by French and Bucy’ in those cases in which 

tumor of the septum pellucidum was sufficiently large to obstruct the ventri- 
cles, invade the frontal lobes or involve the corpus callosum. 

Although it has been stated! that tumors of the septum pellucidum pre- 
dominantly affect voung adults, exceptions have been encountered. Our pa- 
tient was 72 years of age, while Case 2 of Sprofkin and Sciarra™ was 62 years 
of age, and Case 1 of Nistri!® was 59 vears of age. The review of French and 
Bucy‘ summarizing the data derived from 31 cases from the literature as 
well as from 5 of their own cases suggested that tumors of the septum pellu- 
cidum are much more common than realized. We have been able to find re- 
ports of 20 additional cases which are listed in a tabular form similar to that 
used by French and Bucy (Table 1). 

Calcification of the neoplasm as was present in 5 of 32 cases in the 
French and Bucy review was not detected in our case either in skull x-rays or 
in postmortem roentgenographic studies of the brain. We have not found 
mention of calcification in radiological or in microscopic descriptions in the 

















Fic. 4. Microscopic view of central part of tumor (hematoxylin and eosin). 


other cases listed in Table 1, although the data in the first 7 cases are rel- 
atively inadequate. The importance of ventriculography in making a clinical 
diagnosis of tumor of the septum pellucidum has been repeatedly 
stressed.?:8 

The tumor in our case was a glioblastoma multiforme. In the 20 addi- 
tional cases collected from the literature the following types of tumor were 
included: fibrillary astrocytoma, oligodendroglioma, isomorphic glioblas- 
toma, astrocytoma and ependymoma. A wide variety of gliomas was also 
described in the French and Bucy series including these added types: sub- 
ependymal astrocytoma, spongioneuroblastoma, astroblastoma, and spon- 
gioblastoma unipolare. Tumors arising in the septum pellucidum resemble 
those arising within the cerebral hemispheres generally. Their variety would 
appear to be related to the finding of Bailey and Cushing! that periventric- 
ular areas are particularly important as the site of origin of many gliomas, 
and the report of Globus and Kuhlenbeck® that immature cell elements with 
presumed neoplastic potentialities are frequently found within the sub- 
ependymal cell plate extending into the septum pellucidum. 

Successful surgical resection of tumors of the septum pellucidum was 
stated by French and Bucy‘ to have been accomplished in at least 5 cases. 
An additional successful operation was claimed by Skorpil, Kune and 
Macek,” who stated that 6 months after operation, the mental and neuro- 
logical findings were normal. The possibility of a beneficial effect from x-ray 
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Reported by Year No. or Diagnosed Notes 
Necropsy 

Winkler & Rotgans® 1902 1 Necropsy ‘“Sarcome” Death after negative 
cerebral exploration. 

Vincent, Giroire & David" 1925 2 Necropsy — Quadriplegia in flex- 
ion, hyperalgesia. 

McLean® 1936 3 Necropsy Fibrillary astrocy- Right unilateral hydro 

toma cephalus. 

Foerster® 1937 4 Necropsy Glioblastoma 4 of 80 glioblastomas 

5 Necropsy Glioblastoma among 552 verified tu- 

6 Necropsy Glioblastoma mors. 

7 Necropsy Glioblastoma 

Liwenberg & Waggoner’? 1939 8 Necropsy Oligodendroglioma Feebleminded,  disori- 
ented. 

9 Necropsy Oligodendroglioma Dizzy spells and con- 
vulsions 14 yrs. 

Scherer" 1940 10 Necropsy Oligodendroglioma- 
astrocytoma 
Nistri!? 1947 11 Necropsy Isomorphic  glio- Infiltrated genu;  al- 
blastoma most obliterated fron- 
tal horns of lateral ven- 
tricles. 
12 Necropsy Isomorphic  glio- Bitemporal hemianop- 
blastoma, cystic sia; enlarged sella tur- 
cica. 
Lowman, Shapiro & Col- 
lins’ 1948 13 Necropsy Astrocytoma Left frontal lobe re- 
sected for decompres- 
sion. Died 2 days later. 

14 Operation Fibrillary astrocy- Roentgen therapy; par- 

toma tial resection. 

15 Operation Oligodendroglioma? Biopsy; roentgen ther- 
apy with remarkable 
improvement. 

Skorpil, Kune & Macek"® 1950 16 Operation Oligodendroglioma Successful operation. 
Patient “normal” 6 
mos. later. 

Davidoff & Epstein? 1950 17 Operation Astrocytoma 

Sprofkin and Sciarra® 1952 18 Necropsy Glioblastoma Korsakoff’s psychosis; 
death 1 mo. after 
frontal craniotomy. 

19 Necropsy Glioblastoma Epileptic 35 yrs.; re- 
cent Korsakoff’s psy- 
chosis. 

Kernohan & Sayre® 1952 20 Necropsy Ependymoma Tumor projected into 


each lateral ventricle, 
right more than left; 
internal hydrocephalus 
of left lateral ventricle. 
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treatment should not be overlooked. In Case 3 of Lowman, Shapiro and 
Collins* the patient received two courses of roentgenotherapy following 
exploration and biopsy of a septum pellucidum tumor, with “remarkable im- 
provement,” remained free of complaints during the next 6 years and there- 
after ceased to return for follow-up treatment. In a case reported by David- 
off and Epstein? (Case 78) ventriculography disclosed an irregular midline 
tumor shadow projecting unevenly into the lateral ventricles, that toward 
the right being much greater. The impression of the authors was that they were 
dealing with a solid tumor of the septum pellucidum, although this was ap- 
parently not verified. Following subtemporal decompression, a course of 
roentgen therapy was given, after which there was disappearance of head- 
aches, absence of fainting spells and marked recession of optic disc swelling. 


SUMMARY 
1. The clinical and pathological features of a 72-year-old woman with a 
glioblastoma multiforme of the septum pellucidum are described. 
2. An additional 20 cases of tumor of the septum pellucidum are cited 
from the literature, raising to 57 the number of verified tumors of the septum 
pellucidum that have been reported. 
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NE of the primary problems facing a neurosurgeon in operative pro- 
cedures necessitating sacrifice of the dura mater or requiring repair of 
cranial or spinal dural or bony defects is the assurance of watertight 

closure of the cerebral or spinal dural envelope. Polyvinyl! plastic sponge has 
been used recently with success in various surgical procedures.!~* It occurred 
to us that such material, namely, wettable plastic sponge with numerous in- 
terstices through which blood vessels and connective tissue can grow to form 
a neomembrane of connective tissue and sponge, might be useful in its ap- 
plication to some of the problems encountered in the practice of neuro- 
surgery.+ To this end a series of dogs was operated on in an attempt to elu- 
cidate the mechanism by which this material is incorporated into living 
tissue in and about the nervous system. 
PRESENT STUDY 

During the past 3 vears, portions of spinal or cranial dura mater have 
been excised in 12 dogs. The portions excised were of various sizes and were 
situated over normal and also over traumatized cortex. Polyvinyl sponge 
was placed over normal and traumatized nervous tissues in the dural de- 
fects thus created in both the cranium and spinal cord. Observations were 
made at necropsy and at reoperation as to the microscopic and gross patho- 
logic changes encountered during periods ranging from 6 months to 2 years 
(Figs. 1 and 2). It is our opinion that polyvinyl sponge is a useful and worth- 
while substance for repair when it is properly used for correction of defects 
in the covering of the nervous system in animals. This type of sponge also 
has been placed in and about the nervous system in 27 patients during the 
past 2 vears. 


COMMENT 


In the use of new synthetic materials in surgery, it is important to be 
cognizant of the disadvantages as well as the advantages of the material to 





* The Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
+ The polyvinyl sponges used in this study were kindly furnished by the manufacturer, Ivano, Inc., 
Chicago, and are available from Clay-Adams, Inc., New York City. 


258 








al 


m 
pI 
st 
bi 


a 





D 





USE OF POLYVINYL SPONGE IN NEUROSURGERY 259 


Fic. 1. (a) Neodura formed in a dog by poly- 
vinyl sponge placed in bony and dural defects 
after right craniectomy and removal of dura 
mater over nontraumatized brain 16 months 
previously. (b) Neodura in same dog, demon- 
strating smooth, glistening, normal-appearing 
brain underlying sponge. 
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the patient and to the surgeon who 
uses it. Therefore, on the basis of 
our experience with polyvinyl 
sponge, we consider that this mate- 
rial is a useful substance when em- 
ployed in certain situations. This 
sponge can be used as a watertight 
dural substitute when it is sewed in 
place in dural defects in the spinal 
cord and cranial cavity, provided 
edematous brain or spinal cord is 
not tightly approximated to the cut 
edges of the dural defect if the pi- 
arachnoid has been disrupted. It 
may be utilized satisfactorily in the 
repair of conditions producing crib- 
riform rhinorrhea or cerebrospinal 
otorrhea.’ It may be used for the 
performance of orbitoplasty after 
transcranial removal of orbital tu- 
mors if the defect cannot be repaired 
satisfactorily by means of the usual stainless-steel or acrylic plates.’ It may 
be employed for reinforcement of walls of intracranial aneurysms or for 
closure in the management of certain meningoceles. 

Effective and watertight closure after high cervical laminectomies, sub- 
occipital craniectomies or combined cervico-occipital operations may be 
achieved by use of polyvinyl sponge in occasional difficult cases. The re- 
moval of malignant lesions in and about the nervous system may produce 
operative defects in which the plastic sponge is helpful for repair. We have 
noted that the involved area may leak cerebrospinal fluid for several days 
after repair of dural defects by use of these sponges. When invasion of the 
sponge by fibrous tissue takes place, the closure becomes satisfactorily 
watertight. 

One of the most important contraindications to the use of polyvinyl 
sponge is the presence of considerable edema or trauma of the brain or spinal 
cord, with disruption of the piarachnoid. Gliosis through the lacerated pia 
mater into the sponge may take place more rapidly than does the desired 
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Fic. 2. (a) Photomicrograph of neodura formed by polyvinyl sponge demonstrating growth of 
normal collagenous tissue into interstices of sponge (hematoxylin and eosin, X30). (6) Appearance of 
nontraumatized brain directly under area of dural repair (hematoxylin and eosin, X 145). 


growth of connective tissue into the sponge from the edges of the cut dure 
mater. This leads to adhesions. The presence of contamination or infection 
is a contraindication to its use. Should the surgeon desire to use polyvinyl! 
sponge in an area over traumatized nervous tissue, the injured nervous sub- 
stance should be covered first with inert material, such as animal membrane. 
Peritoneum from sheep has been used for such a purpose. The sponge should 
perform efficiently in these instances if this precaution is used. 

No reactions have followed placement of this material in the cranial or 
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spinal cavities, and to date we have had no incidence of infection. A few pa- 
tients have displayed slight increases in temperature for several days during 
the immediate postoperative period. In no case has the sponge been ex- 
truded, and in no case in which we have employed the sponge and later had 
an opportunity to examine it have we encountered the foreign-body encyst- 
ment so frequently seen with many substances placed in the body. 

It is our practice, as is done when any foreign body is placed in or about 
the nervous system, to use penicillin prophylactically after the operation. At 
the time of incorporation of this sponge into the wound, an instillation of 
20,000 units of aqueous penicillin is made into the wound and the entire 
length of the sponge is moistened with this solution. We have used sponge 
varying from 1 to 3 mm. in thickness and of the desired dimensions to fit 
the defect. However, the sponge may be cut to any size depending on the 
needs of the individual surgeon. The material was sterilized by boiling it in 
water. 

SUMMARY 

On the basis of both experimental and clinical experiences at the Mayo 
Clinic, polyvinyl sponge appears to have a place in neurosurgery in the re- 
placement or reinforcement of the natural tissues covering the central nerv- 
ous system. Polyvinyl sponge should not be placed over infected, edema- 
tous or traumatized nerve tissue. As in the use of other foreign materials in 
surgery, the indications and contraindications for the insertion of polyvinyl 
sponge must be well recognized. 
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INCE 1949, we have utilized radioactive isotope encephalography in the 

majority of patients we have observed who were suspected of having an 

intracranial tumor. The scanning surveys were made following the 
administration of radioactive di-iodo-fluorescein, radioactive sodium iodide, 
or radioactive human serum albumin. An earlier report of the results of 
isotope encephalography concerned itself with findings in normal patients 
and those with verified intracranial tumors, suspected intracranial tumors, 
craniocerebral injuries, inflammatory lesions, and various vascular abnor- 
malities.! The present study is confined to the results of the isotope study in 
patients with intracranial tumors verified at operation, or at the time of 
postmortem examination, by means of radioactive di-iodo-fluorescein and 
sodium iodide. 

A total of 1251 patients have had isotope encephalographic studies. 
Among this number of tracings, 200 have been obtained upon patients in 
whom a primary, or metastatic, intracranial tumor has been verified micro- 
scopically. In this group, 193 tumors were verified at operation and 7 at 
autopsy. 

Of the 200 patients studied, 159 underwent isotope encephalography fol- 
lowing administration of radioaétive di-iodo-fluorescein and 41 after the in- 
jection of the radioactive sodium iodide. With an insignificant number of 
exceptions, all of the individuals studied were adults and no attempt was 
made to evaluate the results upon the basis of the age of the patient. There 
has been no evidence that the sex of the individual undergoing testing is of 
importance. No attempt was made to compare the results of the examination 
in persons with a metastatic tumor from any particular primary site with 
those with neoplastic nodules from any other initial location. As might be 
expected, the predominant metastatic tumor found was a bronchogenic car- 
cinoma. 

Techniques employed in radioactive isotope encephalography have been 
described in detail elsewhere. Following intravenous administration of the 
radioactive substance, determinations of the degree of emanation of radio- 
activity are made at thirteen specific, diametrically opposite points on each 
side of the head. In addition to these twenty-six areas scanned, six midline 
readings are made. 
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Initially the end-window Geiger-Mueller tube with a suitable counting 
device and a graphic recorder of counts per minute were utilized. During 
recent months we have employed the more nearly accurate scintillation 
counter. No effort to separate the results using the two techniques has been 
made in this study. 

Previous studies of the use of radioisotopes in the localization of neo- 
plasms within the cranium have shown that tumors of certain histopatho- 
logical nature as well as those in certain specific sites do not assimilate radio- 
isotopic substances to a more than minimal degree. No tumor in this cat- 
egory was excluded from the study. 

A critical analysis of the results of examination in patients suffering from 
primary neoplasms was not difficult after certain criteria concerning classifi- 
cation were established. Evaluation of our findings produced the following 
groupings: (1) accurate localization evidenced by an abnormally high focal 
concentration of the radioactive substances; (2) a somewhat more diffuse 
concentration of activity on one side of the head without evidence of any 
focal increase; (3) a generalized increase in radioactivity bilaterally, often 
involving both the supra- and infratentorial regions; (4) tracings displaying 
entirely normal concentrations in all areas; and (5) tracings revealing a focal 
increase in radioactivity at a site not overlying the later verified tumor. 

Evaluation of the results in patients with metastatic intracranial tumors 
was not such a simple matter. In patients with a suspected, relatively large, 
symptom-producing nodule, there was the possibility that other clinically 
silent lesions existed which would influence the tracing. Even in those few 
cases that came to autopsy not long after examination, the presence of 
multiple metastases of widely varying size and situation made analysis of the 
results of the radioactive isotope encephalogram difficult. 

The interpretation of a focal increase in radioactivity is simple and ap- 
parent. When comparable areas on the two sides of the head display such an 
elevation, one may assume that the lesion is located near the midline. For 
example, a bilateral increase in amplitude of radioactivity on the tracing in 
the anterior temporal area is interpreted as being indicative of the presence 
of an organic lesion in the region of the hypophysis or the rostral portion of 
the brain stem. 

It has been postulated that the degree of up-take of a radioactive sub- 
stance by an intracranial tumor depends upon certain interrelated factors, 
specifically the degree of vascularization, the degree of malignancy, and an 
increase in capillary permeability in the particular tumor encountered. 

The average amount of di-iodo-fluorescein administered was 1.1 milli- 
curies while that for sodium iodide was 300 microcuries. In no instance was 
any untoward reaction to the injected isotopic preparation experienced. 


RESULTS OF STUDIES AFTER ADMINISTRATION OF RADIOACTIVE 
DI-IODO-FLUORESCEIN 


Of the 159 patients who were studied following the administration of 
radioactive di-iodo-fluorescein, a primary intracranial tumor was verified in 
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138. With no attempt made to classify results according to specific tumor 
types, accurate localization of the tumor site was achieved in 85 of the 138 
cases, or 61.6 per cent. Three patients displayed a diffuse increase in concen- 
tration of radioactivity in the involved hemisphere. Nineteen individuals 
(13.7 per cent) produced tracings showing a generalized increase in activity 
above the normal limits of amplitude. No abnormality in the tracing was 
discovered in 27 instances (19.5 per cent). In 4 patients, a focal increase in 
radioactivity was found at a site some distance from the later verified neo- 
plasm with no abnormality being noted in the region of the tumor. 

Analysis of the results of the dio-iodo-fluorescein study in patients with 
certain of the more frequently encountered primary neoplasms corroborates 
the opinion that the dye has a greater affinity for certain pathological types 
than it does for others. 

The glioblastoma multiforme was the most frequently encountered pri- 
mary tumor. It was present in 48 of the 138 patients with intracranial tumor 
who were examined by this method. The isotope study produced accurate 
localization in 27 of the 48 cases, or 56.3 per cent. A lateralizing concentra- 
tion of the dye to the involved hemisphere without evidence of a focal in- 
crease in activity was found in 2 patients, while 11 exhibited a generalized 
diffuse increase in radioactivity. The isotope encephalogram was entirely 
normal upon 8 occasions. 

As earlier investigators have indicated, the relatively avascular astro- 
cytoma produced more inaccurate isotope tracings than any other tumor in 
the present series. Following the injection of di-iodo-fluorescein, precise 
localization of the site of the neoplasm was found in only 13 of 31 patients, 
a rather disappointing 41.9 per cent. Of the 4 cases displaying misleading 
positive findings in the entire group of 138 surveyed after administration of 
di-iodo-fluorescein, 3 occurred in the presence of an astrocytoma. The exam- 
ination produced a generally increased, non-localizing tracing in 6 instances. 
Eight tracings were normal. 

The isotope study produced a precise localization of the tumor in 4 of 6 
patients with an oligodendroglioma. Of the other 2 patients in this category, 
one displayed a general increase in activity but no areas of focal elevation 
and the other tracing was within normal limits. 

The di-iodo-fluorescein examination accurately diagnosed the presence 
and site of 3 of the 4 medulloblastomas verified. No abnormality was found 
in the tracing of the fourth patient. One papilloma of the choroid plexus was 
precisely located but another failed to exhibit any ability to concentrate the 
isotope. A third individual with such a lesion produced a positive, but mis- 
leading tracing. 

The results in the cases of meningioma were more satisfactory. There 
were 24 patients with such a lesion and the site of the tumor was located in 
19, or 79.1 per cent. A diffusely increased degree of radioactivity occurred 
in | instance. Tracings in 4 individuals were not abnormal. 

Eight of 10 chromophobe adenomas examined were accurately located by 
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means of the radioisotope study. This is a more encouraging figure than 
others have reported. The only eosinophile adenoma encountered in this 
study was accurately localized as was the single cerebellar hemangioblastoma 
surveyed. 

Five patients with an acoustic neurinoma were studied and precise local- 
ization was obtained in 4 instances. The presence of 1 of 2 craniopharyn- 
giomas was discovered by this method. 

The results of the isotope study, utilizing di-iodo-fluorescein or sodium 
iodide, in the presence of intracranial metastases cannot be evaluated with 
ease and confidence as can the findings in cases of primary intracranial 
tumors. 

Twenty-one patients with solitary, or multiple, metastatic intracranial 
nodules were studied following the administration of radioactive di-iodo- 
fluorescein. Accurate localization of a verified solitary tumor was obtained 
upon 10 (47.6 per cent) occasions. Diffusely increased radioactivity was 
found in 5 patients undergoing craniotomy for removal of a clinically ev- 
ident, single tumor mass. It is quite likely that one, or perhaps more, smaller 
nodules were also present at the time of examination, thereby contributing a 
confusing aspect to the problem of interpretation of the isotope encephalo- 
gram. In 1 case, verified at autopsy, there were numerous metastatic lesions. 
The tracing in this patient was one of generally increased amplitude, cer- 
tainly an expected finding in the presence of multiple intracranial metas- 
tases. Normal tracings were produced by 5 of the 21 patients with metastatic 
tumors. The 16 individuals presenting tracing abnormalities of varying types 
represent approximately 76 per cent of such patients examined. 


RESULTS OF STUDIES AFTER ADMINISTRATION OF RADIOACTIVE 
SODIUM IODIDE 

During 1952 and 1953 approximately half of our patients suspected of 
having an intracranial tumor received an isotope encephalographic study 
after the injection of radioactive sodium iodide, usually in the dosage of 
300 microcuries. 

Forty-one intracranial tumors, 36 primary and 5 metastatic, have been 
microscopically verified in patients who underwent this method of evalua- 
tion. In patients with a primary neoplasm, evidence of its presence and 
accurate localization of its site were obtained in 19 of the 36 cases (52.8 per 
cent). Thirteen of these 36 individuals (36.1 per cent) produced tracings of 
normal amplitude. Three tracings exhibited a generalized increase in radio- 
activity with no focally concentrated abnormalities. One tracing revealed a 
focal increase in activity at a point some distance from the actual site of the 
later verified tumor. These results in cases of primary intracranial tumors, 
when compared to those obtained with radioactive isotope encephalography 
using di-iodo-fluorescein, suggest that the latter substance is a more reliable 
diagnostic agent. However, a larger group of patients must be surveyed be- 
fore such a conclusion is made. 
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In 21 patients in whom a glioblastoma multiforme was verified, accurate 
localization following the use of radioactive sodium iodide was obtained upon 
13 occasions (62 per cent)—a greater figure than that realized following the 
use of di-iodo-fluorescein in patients with a similar tumor. A diffuse, non- 
focalizing increase in radioactivity was seen in 2 instances. In this group, 6 
isotope studies were within the limits of normal. 

Four patients with astrocytoma were examined following the injection of 
sodium iodide. The lesion was accurately located in 2 of these individuals 
while a third displayed a diffuse increase in radioactivity. The tracing of the 
fourth failed to reveal any evidence of abnormal concentrations of the 
isotope. 

Of the 3 meningiomas studied by this method, only one showed an ac- 
curately localizing increase in concentration. The remaining 2 produced no 
deviation from the normal pattern. One of 2 chromophobe adenomas sur- 
veyed was accurately localized by sodium iodide studies. No abnormality 
was found in the other. 

Two patients with craniopharyngiomas were studied and accurate 
identification of the tumor site was made in each. The presence of a pin- 
ealoma failed to produce any deviation from the normal in 1 instance. A 
normal tracing resulted in 1 individual with a cerebellar hemangioendothe- 
lioma and in another with a medulloblastoma. One patient with a small 
cortical angioma displayed radioencephalographic evidence of a lesion of the 
opposite hemisphere. 

The results of radioisotope studies using sodium iodide were most dis- 
appointing in the presence of metastatic intracranial tumors. Five patients 
with lesions of this nature were examined and normal tracings resulted upon 
4 occasions. In the other instance, the tracing revealed a generalized increase 
in activity in a patient with an apparently solitary metastatic nodule. 


SUMMARY 

The results of isotope encephalography, performed after the administra- 
tion of radioactive di-iodo-fluorescein or radioactive sodium iodide, in 200 
patients with verified primary or metastatic intracranial tumors have been 
reviewed. Primary intracranial tumors were found in 174 cases while meta- 
static neoplastic lesions were encountered in 26 instances. The original end- 
window Geiger-Mueller counter was used in the majority of the studies, but 
recently a more nearly accurate scintillation counter has been utilized. No 
attempt was made to classify the results on the basis of the counting device 
used. 

Analysis of the results of isotope encephalography, using di-iodo-flu- 
orescein initially, and in the greater number of cases, and sodium iodide 
more recently and in fewer instances, reveals a slightly higher incidence of 
accurate findings following the use of the former substance. In individuals 
with primary intracranial tumors, utilization of di-iodo-fluorescein resulted 
in accurate localization of the verified lesion in 61.6 per cent of the patients 
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examined. The use of radioactive sodium iodide gave a precise indication of 
the site of the neoplasm in 52.8 per cent of all patients examined by that 
method. 

In 21 patients with metastatic intracranial tumors, studies following 
administration of di-iodo-fluorescein showed evidence of the presence of an 
organic lesion in approximately 76 per cent. Precise localization of a solitary 
metastatic nodule was obtained in 47.6 per cent of the patients examined. 

The results of the examination following injection of radioactive sodium 
iodide in 5 individuals with metastatic lesions were far from encouraging. 
One person with a solitary nodule displayed a generalized increase in radio- 
activity without evidence of focal concentration. All others similarly exam- 
ined showed no abnormalities in their tracings. 
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ANTERIOR CINGULECTOMY IN MAN 
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HE first series of bilateral anterior cingulectomies in man was reported 

in 1949.15.14 Since then the operation has met with increasing success in 

various clinics. It seems worth while to present at this time the ther- 
apeutic and psychological results in the first 50 cases in our series. This group 
does not include 18 “‘mesial undercuttings.” 

Just before the War we were studying the aftereffects of the total re- 
moval of gliomas of the anterior half of the corpus callosum.*:”? The rarity 
and insignificance of the so-called postoperative frontal syndrome was a first 
point. A second was the postoperative disappearance of “imperviousness.””! 
This apathetic state, then, is probably caused not by callosal interruption, 
but by bilateral pressure on the mesial frontal surface. 

Later, in the treatment of some states of agitated behaviour, it became 
possible to compare the results of classical lobotomy with those of limited 
resection of the convexity, or topectomy, introduced by Pool.” Topectomy 
seemed to us definitely less successful when the agitation and violence were 
apparently not related to anxiety. Perhaps, then, it would be necessary to 
resect the mesial aspect of the frontal lobe in order to deal with an active 
psychomotor component, different from the passive element in cases of anxiety 
and intractable pain. 

In physiological experiments (cingular resections in monkeys) Smith” 
and Ward?* observed a postoperative state of tameness and placidity. 
That was a further incentive to perform cingulectomy in man, even 
without Papez’s!® well-known theory of the importance of the temporo- 
diencephalo-cingular circuit in emotions. At least it was suggestive that the 
thalamo-cingular fibers came from the anterior nucleus, while the dorso- 
medial nucleus connected with the granular frontal cortex. Accordingly, 
when we embarked on a program of systematic study of the clinical and 
psychological effects of different limited frontal operations, the comparison 
between granular areas 9 and 10, and agranular area 24, i.e. between to- 
pectomy and anterior cingulectomy, was given a high priority. The first 
cingulectomies were performed in 1948 and the main features relating there- 
to were described in successive papers from 1949 to 1953: clinical results in 
agitated behaviour and epilepsy,*:*:7:":* and in psychoneuroses, especially 
obsessive ;*!°" detailed operative technique;'°*" description of the special 
postoperative syndrome;*":":14 and objective psychological study." 


SURGICAL TECHNIQUE AND COMPLICATIONS 


The technique has been described previously’: and need not be re- 
peated here. However, the following main points may be emphasized: 
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General or local anesthesia is used, according to the cooperation of the patient 
and the way in which corticography is performed. 

A unilateral frontal bone flap (left or right) is made tangential to the longi- 
tudinal venous sinus, 2 cm. in front of the coronal suture and 3 cm. above the orbital 
ridge. 

The left frontal lobe is retracted (often involving section of several subdural 
veins, but still only on one side) until the free edge of the falx is seen. Then the mesial 
faces of both frontal lobes are separated down to the corpus callosum, whiter than 
the surrounding convolutions and partly covered by the two pericallosal arteries 
giving off ascending branches to areas 8, 9 and 10. 

When the genu is well freed, minute holes are pierced in the pia mater of the 
anterior limbic convolution or area 24, and through them the cortex is aspirated with 
a fine tube, thus respecting the ascending arteries and contributing to the selectivity 
of the operation. As both cingular gyri are visible under the falx, the cingulectomy 
is a bilateral operation with a unilateral approach. 

Usually the operation is limited to the anterior part of area 24, 3 cm. long and 
1.5 cm. high, but can involve area 25 below the genu 2 cm. more ventrally. This is 
the typical agranular resection. Often it involves some dysgranular cortex of area 
32, 2 cm. more in front of the genu, and sometimes area 12 near the orbital level. 

Narrow bands of gelfoam, soaked with lipiodol and then partly dried, are put 
over the resected areas, both for hemostasis and radiological landmarks (Fig. 1), al- 
though the genu is a well-defined structure, impossible to miss. 





Fig. 1. Postoperative radiographs, frontal and lateral views: unilateral frontal flap, clips on 
dura mater; gelfoam with lipiodol shows cingulectomy. 


Thus the operation is much more precise anatomically than any other 
psychosurgical technique. The only obstacle to selectivity is the unilateral 
section of some subdural veins, but this does not always happen, and even so 
there is never a complete interruption of the venous drainage. In view of 
the strict unilaterality of this slight venous drainage, we doubt very much 
it could leave a permanent significant effect. 

The main vital risk in our operation seems to be the need of prolonged 
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general anesthesia in cases of extreme mental retardation with uncontrol- 
lable agitation. The only deaths in the series of 50 cases were in 2 children 
with such disorder (there was no abnormal hemorrhage). In another similar 
case tracheal intubation was followed by a laryngeal spasm and recovery 
followed tracheotomy. In 2 patients a transient hemiparesis was observed 
for 8-10 days. In another intense anemia developed on the 8th day and was 
cured with difficulty in 3 weeks. No other patient gave any reason for alarm, 
and indeed the absence of apparent mental disturbance was the main feature 
of the immediate postoperative course, as well as the absence of early or 
late epileptic fits in patients who were not epileptic before the operation. 


CLINICAL RESULTS 


The results are shown in Table 1. “Good results”” mean: complete or near- 
ly complete cure with useful activity in patients with a not too deteriorated 
preoperative intellectual level, and marked improvement with at least some 
activity in the cases of pronounced mental retardation. 

To sum up, the results of anterior cingulectomy are good in the clinical 
syndromes of extraversion with irritability and violence, especially perhaps 
in chronic generalized epilepsy, but not in the excitation of psychopathic 
personality. They seem bad in the clinical syndromes of introversion with 


TABLE 1 


Clinical results of anterior cingulectomy 





No. of Good Follow-up 





ones Cases _ Results (years) 
I. Depressive states 

a. with anxiety or pain (including 2 epileptics) 5 0 
b. with obsessive neurosis (including 1 epileptic) 4 3 8, 1,3 

II. Excited states 
a. with hysteria (including 2 epileptics) 3 2 3,2 
b. with psychopathic disorders (including 1 epileptic) 3 0 

III. Psychoses with violence 
a. dementia epileptica 2 13 
b. schizophrenic syndrome Q Q 5,3 

IV. Epilepsy 
a. subnormal mental state 5 $ 4, 33,2 
b. irritability and violence 9 7 5}, 4, 33, 34, 23, 1, } 


V. Mental retardation and agitation 
a. with epilepsy ’ 
b. without epilepsy t 3 33, 4 








chronic anxiety and pain. They are good in the obsessive compulsive neurosis 
in which it seems there is an active component added to the classical anxiety. 

Thus schematically presented the results stand in sharp contrast to those 
of topectomy of the dorsal granular cortex of areas 9 and 10. The latter 
operation in our experience*" is mostly effective in cases of intractable pain, 
anxiety neurosis, and depressive states, in which it is generally justified to 
describe a clinical introversion syndrome; but it often fails in states of 
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excitation, agitation and violence, in which clinical extraversion seems pre- 
dominant. 

The mesial undercutting, of which we have had 18 cases since 1950, is in 
a way an intermediary operation, excluding part of the granular cortex of 
areas 9 and 10, and areas 32 and 24 as well. We found it especially effective 
in obsessive compulsive neurosis (as much as cingulectomy and more than 
dorsal topectomy), and we would try it first in confirmed schizophreniacs 
with agitation and violence, rather than cingulectomy. 

We feel entitled to conclude that the clinical results suggest an opposi- 
tion between the effects of ablation of mesial agranular and dorsal granular 
frontal cortex. 


ANALYSIS OF POSTOPERATIVE SYNDROME 


Four years ago our experience with anterior cingulectomy was sufficient 
to allow us to write that, in marked contrast to the “‘convexity” patients, 
the classical euphoric and careless behaviour was not present after cingulec- 
tomy. During the first postoperative days, the patients are often quieter, 
and seldom slightly agitated. But there is no mental confusion—they are 
very well aware of the surroundings and events with the proper amount of 
attention; there is no euphoria, no irritability, no sphincteric incontinence. 
We could conclude on the weight of such clear-cut differences that behaviour 
was modified in perhaps specific ways by those two types of limited frontal 
resection.!*:!4 

A study of the immediate postoperative course of the not too mentally 
retarded patients yielded the following figures: out of 80 convexity opera- 
tions, a clinical postoperative syndrome was present in 53 (63 per cent); 
while out of 40 cingulectomies it was found in only 6 patients (15 per cent), 
and then nearly always when the resection went as far down as the region of 
area 12. The figures for orbital operations and mesial undercuttings have 
been reported previously, together with details of both the convexity opera- 
tion and cingulectomy.*" The larger numbers presented now further sup- 
port our first observations and conclusions. 

The convexity postoperative syndrome is mostly one of uninhibited be- 
haviour, often similar to slight drunkenness. It deserves the clinical name of 
extraversion. On the contrary, after cingulectomy, the patients seem quieter 
and more restrained. Perhaps it can be said that their behaviour is one of 
clinical introversion. Thus there is a suggestive analogy between the be- 
haviour during the immediate postoperative period and the long-term ther- 
apeutic results, as seen above. But it should be emphasized again that there 
is no correlation between the final result and the apparent intensity of the 
immediate syndrome.’ 


PSYCHOLOGICAL RESULTS 


In 1950, thanks to Professor Alfred Meyer, we became acquainted with 
the psychological method of objective behaviour tests developed at the 
Maudsley Hospital in London by Eysenck and his collaborators, notably 


272 J. Le BEAU 


Mrs. Petrie. There was at last the possibility of making quantitative psy- 
chological studies of the noncognitive dimensions of personality. We decided 
then to submit our patients in Paris before and after the operation to a series 
of objective tests strictly following Eysenck’s technique. This long and dif- 
ficult work would not have been possible without the constant help of Mrs. 
Petrie, who trained our psychologists and worked out all the statistical re- 
sults. 

The personality measures used in these studies are related to the follow- 
ing dimensions of personality: intelligence, extraversion, neuroticism, psy- 
choticism.”:* Let us remark at once that those terms have a defined operative 
meaning and should not be confused with the vague clinical meaning. In 
practice, the groups of tests objectively differentiate between the neurotic 
and the non-neurotic, the psychotic and the nonpsychotic, the extravert and 
the introvert. 

The main results have been published before": and more recently at the 
International Neurological Congress in Lisbon :" 

(1) The convexity operations are followed by changes in the direction of 
decreased neuroticism and increased extraversion, confirming the studies of 
Mrs. Petrie on lobotomies.”° There is no indication of decreased psychot- 
icism. There is no lowering of intelligence. 

(2) The cingulectomies are followed by changes in the direction of slightly 
decreased neuroticism, but there is no indication of increased extraversion. 
Psychoticism has decreased. There is no lowering of intelligence. 

The psychological studies afford striking confirmation of the clinical infer- 
ences. After selective surgery there are definite indications of specific effects, 
at least when cingulectomy (mostly agranular) and convexity resection 
(granular) are compared. Furthermore, cingulectomy is on the average less 
extensive than convexity resection, but nevertheless it is followed by more 
pronounced changes in decreased psychoticism than any other operation, 
including standard lobotomy.’ Finally the significance of these findings is 
enhanced by the nature of our material: mostly patients with intractable 
pain for the convexity operation and mostly chronic epilepties for cingulec- 
tomy; in other words the observed changes are in all likelihood related to the 
resection of the frontal cortex and not to the cure of an evolutional mental 
disease. 

Needless to say these conclusions in favor of the specific or qualitative 
theory of frontal lobe mental functions, are in no way a negation of the pos- 
sibility of quantitative action as well. But such an abstract discussion is 
irrelevant. The only scientifically satisfying attitude is to find an objective 
method of estimating the relative importance of the qualitative and quanti- 
tative factors. The psychological techniques advocated here appear to be a 
definite advance in combination with selective frontal surgery. 


ELECTROENCEPHALOGRAPHIC STUDIES OF CINGULECTOMIES 


The largest group in our series of cingulectomies are the epileptics, with 
pronounced disorders of character, chiefly irritability and violence. Thirty- 
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four cingulectomies were performed in cases of chronic generalized medically 
irreducible epilepsy. The results in the main confirm those previously pub- 
lished :5-7:1°.15.14 ejngulectomy is nearly always effective against the irritabil- 
ity, anger, aggressiveness, violence, permanent or intermittent, of chronic 
epilepsy, and this is often enough for gratifying social rehabilitations. 
Epilepsy itself was never made worse; usually it was somewhat improved, 
sometimes it was completely cured. This for the clinical side. 

On the electric side, corticography never disclosed focal activity in the 
cingular or precingular areas, and for this reason we do not perform it any 
more as a routine, in order to shorten the operation. 

A detailed study of the EEG was carried out and in spite of the many 
well-known causes of errors in the estimation of the results in such a disease 
as chronic epilepsy,!° it is interesting to give here the main findings, a de- 
tailed account of which is in press.” 

In chronic clinically generalized epilepsy, some focalized unilateral pre- 
dominance was observed in a few instances, but in only 2 cases is it perhaps 
legitimate to discuss a surgically localized epilepsy. There was no indication 
for a focal operation in any of the others. 

The first postoperative EEG (less than 1 month) shows transitory altera- 
tions, more often temporal than purely frontal, contrasting again with the 
convexity operations. Later, after more than 1 year, about 45 per cent of the 
patients are much improved and 3 have a normal EEG. About 30 per cent 
have a comparable EEG, and 30 per cent seem worse. This, again, refers to 
the EEG findings and not necessarily to the clinical evolution. 

Among the non-epileptic patients, in 1 case only were permanent post- 
operative alterations disclosed, probably because there was an operative 
injury of the convexity. In practice we feel the risk of permanent epilepsy 
after cingulectomy is much less than after lobotomy or even topectomy of 
the convexity. 

DISCUSSION 

(1) Clinical and Psychological. Before our first publication, very few 
similar operations had been performed: one by Pool, and two limited cingular 
undercuttings by Ward, all in cases of severe schizophrenia, with no appreci- 
able result. But later other reports appeared in print. Only one concerns 
cingulectomy properly, from Cairns’ clinic in 1952:°° the technique, the post- 
operative observations and the main results are nearly the same as ours. 
However, in this series more schizophreniacs are found (with no lasting 
successes) and there were no operations in epileptics with irritability and 
violence. Personality changes in a more recent study”’ (of only 8 patients) 
were said to consist of a reduction of inhibition, perserveration and self- 
concern; it is of course always difficult to evaluate nonsurgically defined 
concepts, but we consider that these findings do not agree well with our 
own conclusions, which suggest clinically augmented introversion and re- 
straint. They agree better with the diminution of neuroticism and psychot- 
icism. The reduction of anxiety, which seems important to the Oxford work- 
ers, is not a specific result of cingulectomy.! 
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Other so-called mesial operations are from time to time implicitly dis- 
cussed as cingulectomies. All of them are undercuttings of both granular 
and agranular cortex and do not seem to give the same results as the cor- 
tical resection of the cingular region. Scoville’s* technique and our own 
mesial undercutting are included here; even Livingston’s!* operation, though 
more limited, cannot be considered as a selective cingular undercutting; and 
the limited coagulation recommended by Grantham is very likely to inter- 
rupt the thalamo-frontal bundle, therefore not deserving the name of a 
selective mesial section. 

(2) Ph ysiological. Stimulation of the anterior cingular region both in an- 
imal and in man yields autonomic effects.”:*:?> Furthermore, it has a 
generalized regulatory action on the cerebral cortex.'":*4 We never observed 
any significe unt autonomic change after cingular resections, which is not 
surprising if one considers the other important cortical components (uncus, 
posterior orbital . . .). But the effects of cingulectomy on clinical epilepsy 
and on the EEG have perhaps a deep physiological significance. In that re- 
spect it is interesting to note that the neurosurgical inferences in man were 
published even before the first experimental resuits, which thus afford objec- 
tive confirmation.":!7 Nevertheless one should remember there is no disease 
in which the action of any new procedure is more difficult to estimate than 
epilepsy, because it is in practice impossible to follow the patient for a sig- 
nificant length of time under exactly comparable conditions. 

Whether the effect of cingulectomy upon epilepsy depends upon the im- 
provement in character or vice versa is open to question; both possibly de- 
pend on a common factor and, generally speaking, the mental changes fol- 
lowing cingulectomy are more constant than the beneficial action on epilepsy 
itself. A recent important experimental work in cats™ gives suggestive in- 
direct confirmation of the different functions of the cingular and granular 
cortex: after destruction of the anterior nuclear thalamic complex—connected 
with the cingular areas—the cats are nicer, more gentle, and the threshold 
for rage is raised; after destruction of the dorsomedial nucleus—connected 
with the granular frontal cortex—the cats are more irritable with less motor 
activity, and the threshold for rage is lowered. Here again it would be 
gratifving if neurosurgery were to lead the way to experimental physiology. 





SUMMARY 


. After an account of its introduction and dev elopment, the technique 
of an ior cingulectomy i is described. 

2. A series of 50 cases is reported. The best clinical results are found in 
cases of intractable irritability, aggressiveness, violence, and agitation, 
especially when associated with chronic epilepsy. Patients with obsessive- 
compulsive neurosis also react very favorably to cingulectomy. The follow- 
up period extends from 53 years to 6 months. 

3. Cingulectomy is seldom followed by a significant postoperative clinical 
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syndrome during the first weeks, in contrast with the “frontal” postoperative 
syndrome often observed after topectomy of the convexity. 

4. A psychological study, with objective behaviour tests, discloses after 
cingulectomy no lowering at all of intelligence, no indication of augmented 
extraversion, a decrease in neuroticism, and a marked decrease in psychot- 
icism. 

5. The main EEG findings after cingulectomy are given. Chronic epilep- 
sy is often improved by the operation. 

6. The main physiological interest of anterior cingulectomy seems to be 
the now well-substantiated suggestion of a difference in function between 
dorsal granular cortex (areas 9 and 10) and mesial agranular cortex (area 24). 
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from the nose, has beeen known for many years. Neurosurgeons and 
their otolaryngological colleagues have been aware of the potential 
dangers of rhinorrhea. Cerebrospinal fluid fistula may result in a meningitis or 
brain abscess. Though the mortality from these infections in recent years 
has been reduced by the administration of the antibiotics, there remains a 
significant risk. When rhinorrhea is present there must be a communication 
with the subarachnoid space or with one of the cerebral ventricles. 
Rhinorrhea can result from (1) fractures of the skull in the vicinity of the 
paranasal sinuses, (2) postoperative defects, (3) erosions caused by tumors or 
infection, and (4) congenital anomalies. Spontaneous closure of these fistulae 
may occur. There are reported cases in which fistulae have persisted for 
years. Thomson” reported the occurrence of rhinorrhea in a patient in whom 
it had persisted for several years. Plum™ described a case of fistula of 18 
years’ duration. Many more fatal cases have been reported. Most all neuro- 
surgeons now agree that chronic rhinorrhea requires surgical intervention. 
Grant" attempted to close a cerebrospinal fluid fistula by an intracranial 
exposure. Dandy’ reported the first successful attempt to close such a 
fistula with fascia lata graft. Cushing* reported the successful surgical treat- 
ment with fascial grafts in 3 patients in whom rhinorrhea developed follow- 
ing the removal of orbito-ethmoidal osteomas. Several others have reported 
patients cured by surgery: Rand," Cairns,’ Gissane and Rank,!° Adson,! 
Campbell, Howard, and Weary,‘ German,’ Dandy,* and Adson and Uihlein.? 
Pneumocephalus, or air within the cranial cavity, is sometimes seen in a 
patient with a cerebrospinal fluid fistula. Extracranial and subgaleal col- 
lections of air arising from a communication through the outer wall of a 
cranial air sinus have been recognized for a century and a half, according to 
Dandy. Intracranial collections of air, however, had gone unrecognized until 
the advent of the x-ray, with the exception of the famous case reported by 
Chiari’ in 1884. At autopsy, he found air in a large cavity in the frontal lobe 
and in the ventricular system, and he found communication from an ethmoid 


(Cir the nos fluid rhinorrhea, or the discharge of cerebrospinal fluid 
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sinus to the frontal fossa secondary to an infection. He explained the pres- 
ence of the intracranial air as having been caused by the explosive force of 
sneezing. Luckett,” in 1913, reported the first case of pneumocephalus vis- 
ualized by x-ray. Dandy’ reviewed 25 cases which he found in the literature 
and added 8 of his own, in 1 of which he cured the patient by intracranial 
surgery. He stated: ‘“‘There are two sources of intracranial air: (1) a break in 
the wall of the skull, through which air is forced from the exterior, and (2) 
the product of gas producing organisms after their entrance into the brain. 
After the initial cranial defect, air can be forced into the brain only through 
an opening in one of the paranasal sinuses or the mastoid cells, for here alone 
can the air be concentrated by swallowing, coughing or sneezing under a 
pressure greater than that within the cranial chamber.”’ He indicated that 
the intracranial air can be located in (1) the subarachnoid space, (2) the 
subdural space, (3) the brain, and (4) the ventricles. Dandy felt that sub- 
arachnoid air must gain entrance through the cisternae at the base of the 
brain via the ethmoid or sphenoid sinus. Subdural air could occur from a 
communication with a frontal sinus. He found that the intracerebral cavity 
was most common and that with this cavity there is always a communica- 
tion with a frontal or ethmoid sinus. Intraventricular pneumocephalus usu- 
ally occurs secondary to intracerebral or subarachnoid collection of air. It 
seems likely that there must be some valve-like action in the fistulous open- 
ing. Dandy discussed this point at length and he stressed the danger of 
sneezing in the presence of rhinorrhea. 


MATERIAL 

In this report we are presenting 15 cases of chronic rhinorrhea and 12 
cases of persistent pneumocephalus. All but one of these 27 patients were 
treated surgically during a 7-year period ending 1 year ago and cured of the 
rhinorrhea and pneumocephalus. Case 9 was not treated. The patient elected 
to return to Brazil to the surgeon who had originally operated on him for a 
suprasellar cyst. 

Rhinorrhea (Table 1). Of the 15 cases, trauma was the etiological agent in 
13, congenital nasal meningocele in 1, and postoperative craniotomy for 
suprasellar cyst in 1. In the traumatic group, 9 were cases of frontal fractures 
following auto or jeep accidents, and 4 were caused by shell or gunshot 
wounds, one of which was self-inflicted. At the time of surgery, the duration 
of rhinorrhea varied from 1 month to 5 years. Only 3 of these patients were 
known to have had meningitis (Cases 2, 10 and 15). Case 2 had had four at- 
tacks of meningitis. 

At surgery, an opening communicating with the ethmoid sinus was found 
in 10 cases, and in 8 the opening communicated with the frontal sinus. In 
Case 12, there was a communication with both the right frontal and left 
ethmoid sinuses. The second fistula was not discovered until the second op- 
eration. Cases 5 and 13 required three surgical attacks before closure of the 
cerebrospinal fluid fistula was accomplished. Case 15 had to be operated up- 
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Case Age Etiology 
1 D.D. 17 Jeep acci- 
dent 
2, C.P. 36 Auto acci- 
dent 
3. G.V 26 Auto acci- 
dent 
4. N.B 7 Nasal men- 
ingocele 
5. T.C. 29 Auto acci- 
dent 
6. G.H. 20 Auto acci- 
dent 
7 R.D. 20 Auto acci- 
dent 
8. W.H. 24 Shell frag- 
ment 
9. F.H. 21° Shell frag- 
ment 
10. A.M. 41. Postop. 
11. W.B. 21 Auto acci- 
dent 
12. CI 21 Auto acci- 
dent 
13. H.B. 39 Gun shot 
14. J.K. 23 Shell frag- 
ment 
15. P.P. 23 Auto acci- 
dent 
* 1: 


on twice before cure was effected. In Case 7 
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Time 
Elapsed* 


1 mo. 
4 yrs. 
10 wks. 


5 yrs. 


2 mos. 


4 hrs. 


10 hrs. 


4 wks. 


1 mo. 


6 yrs. 


4 wks, 


9 mos. 


5 mos. 


2 mos. 


5 yrs. 


TABLE 1 


Rhinorrhea (15 cases) 


Symptoms and 
Signs 


Headache, __rhino., 
blind It. eye 

4 attacks meningitis, 
intermit. rhino. 
Intermit. rhino. 


Headache, intermit. 
rhino. 


Intermit. rhino. 


Depressed fracture, 
onset rhino. 2 mos. 
after injury 
Headache, rhino. 


Onset rhino. 1 yr. af- 
ter injury 

Rhino., rt. eve enu- 
cleated 
Intermit. rhino., 
meningitis 


Persistent rhino. 


Intermit. rhino., 
deaf, marked loss 
vision 

Persistent rhino. 


Aphasia, rt. hemi- 
plegia, rhino. 
Intermit. rhino., 1 
yr. after injury, re- 
current 
headache 


meningitis, 


me elapsed when seen by us. 


t Duration of rhinorrhea at time of surgery. 





Duration - 
Sinus 
- Involved 
Rhinorrheat , 
2 mos. Rt. eth. 
4 yrs. Lt. eth. 
intermit. 
22 wks. Lt. eth. 


Rt. eth. 


5 yrs. 


Rt. eth. 


a. 2 mos. 
b. 3 mos. 


c. 4 mos. 

1 mo. Lt. eth. 
6 wks. Lt. eth, 
1 mo. Rt. fr. 

7 wks. Bilat. fr. 

5 wks. Eth. 


a. Rt. fr. 
b. Lt. eth. 


a. 10 mos. 
b. 11 mos. 


Lt. eth. 


7 mos. 


Lt. fr. 


5 mos. 


a. 4yrs.in- Lt. eth. 
termit. 
b. 4 yrs. 2 


mos. 


Result 
after 
Surgery 


peers 
Cured 
Cured 
Cured 
Well 
after 3 


ops. 
Cured 


Cured 


Cured 


Cured 


No op. 


Cured 


a. Not 
cured 

b. Cured 

3 ops. 
Cured 


Cured 


a. Not 
cured 
b. Cured 


Remarks 





Persistent blindness 
on It. 

No rhino, at time of 
op 


Rhino. started after 
a fall. 
in nasal cavity 


Meningocele 


Chronic scalp sinus 
from foreign body. 
Bone flap had to be 
removed 


Epidural abscess 


drained at time of 
op. 

Pt. returned to Bra- 
zil for treatment. 
Had had suprasellar 
cyst removed 

Pt. had previous op. 
for depressed bifron- 
tal fracture 

Deaf and loss of cen- 
tral vision only on It. 


Self-inflicted wound 


Initial debridement 
overseas, practically 
It. hemispherectomy 
Auto accident 5 yrs. 
before. Aseptic men- 
ingitis 1 wk. after Ist 
op. No CSF leak 
after 2nd op. 


a wound infection developed, 


and the bone flap had to be removed because of osteomyelitis; the wound did 
not heal until a foreign body was removed. Case 10 was not operated upon, 
Pneumocephalus (Table 2). Of the 12 cases, 10 were of traumatic origin, 
1 (Case 21) occurred following removal of a sphenoid ridge meningioma and 
1 (Case 17) was secondary to an osteoma of the frontal sinus. In the trau- 
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matic group, 6 sustained frontal fractures in auto accidents. Three cases re- 
sulted from gunshot wounds: 2 self-inflicted, and 1 accidentally incurred. 
Case 24 had a compound depressed frontal fracture caused by an industrial 
accident. 

Intracranial air was first discovered from 1 week to 2 years after injury 
in the traumatic cases. Pneumocephalus was first detected in Case 17 (oste- 
oma of frontal sinus) 13 months after the onset of symptoms. In Case 21, in 
which a sphenoid ridge meningioma had been removed, pneumocephalus was 
first detected 2 months after surgery. Many of these patients were confused 
and disoriented when seen by us. Headache was a common complaint. Three 
of these patients were known to have had an episode of meningitis before 





Fic. 1. Case 18 (Table 2). Pneumocephalus and pneumoventricle secondary to 
self-inflicted gunshot wound. 


surgery. A history of cerebrospinal fluid fistula (usually rhinorrhea) was ob- 
tained in all cases but one. Five of the 12 patients were known to have con- 
vulsions, whereas while under our care none of those in the rhinorrhea group 
was known to have convulsions. A communication with an ethmoid or a 
frontal sinus was found in all cases excepting Case 23. In this case, there was 
a cerebrospinal fluid fistula in the craniectomy wound in the left frontal re- 
gion through which debridement of skull, dura mater, and brain had been 
accomplished elsewhere. At surgery, it was determined that this fistula was 
the site of entrance of the air; the dura mater had not been closed. The loca- 
tion of the air in these cases of pneumocephalus was most commonly within 
the substance of the frontal lobe. A pneumatocele was found in the frontal 
lobe in 10 cases. In 6 of these cases, there was also pneumoventricle. In 1 of 











Case 


38; SP. 


19. R.C. 


20. E.B. 


21. B.W. 


, CF. 


24. O.W. 


J.M. 


26. 


W.B. 
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Time Air 


TABLE 2 


Pneumocephalus (12 cases) 


Symptoms and 


rt. facial 


Time Elapsed 


Age Etiology Was First a Before 
Signs : 
Detected* Surgery* 
25 Auto acci- 3 mos. Rhino., head- a. 4 mos. 
dent ache, confusion, b. 5} mos. 
meningitis 
21 Osteoma 1} mos. Headache, rt. 2} mos. 
It. fr. si- after hemiparesis, 
nus symp- meningitis, con- 
toms vulsion, history 
of rhino. 
22 Gun shot 1 mo. Rhino., confu- 23 mos. 
sion, iever 
34 Auto acci- 3 wks. Rhino., head- 4 mos. 
dent ache 
33 Gunshot 1 mo. Rhino., rt. hem- 1} mos. 
iparesis 
45 Postop. 2 mos. Headache, rhi- 2} mos. 
no. 
21 Auto acci- 2} mos. Drowsiness, di- 3 mos. 
dent abetes _insip., 
rhino., bitemp. 
hemianopsia 
57 Gunshot 1 mo. Confused, CSF — 1} mos. 
fistula in wound, 
lethargy, vomit- 
ing 
42 Depressed 2 mos. Disoriented, 2} mos. 
fracture at headache. Rhi- 
work no. at time of in- 
jury 
18 Jeep acci- 3 wks. Meningitis, 2 mos. 
dent rhino., bitemp. 
hemianopsia 
20 Auto acci- 1 wk. Blind, rhino., 3 wks. 
dent headache 
30 Jeep acci- 2 yrs. Convulsion 2 2 yrs. 
dent yrs. after in- 
jury, confused, 


* Time elapsed since trauma or other etiological cause. 


- Location Result 
Sinus of of 
Involved . ~ 
Air Surgery 
a. Rt. fr. Brain ven- a. Not 


b. Rt. eth. tricle  sub- cured 
dural b. Cured 
Lt. fr. Brain ven- Cured 
tricle  sub- 
dural 
Lt. fr. Brain ven- Cured 
Lt. eth tricle 
(Fig. 1) 

Rt. eth. Subdural Cured 
Lt. fr. Brain ven- Cured 
tricle 
Rt. eth. Brain ven- Cured 
tricle 
Rt. eth. Subarach- Cured 

noid ven- 
tricle 
None—fistula Brain Cured 
communi- 
cated with 
It. fr. wound 
Lt. eth. Brain Cured 
Rt. fr. Brain ven- Cured 
tricle 
Rt. eth. Brain Cured 
Lt. fr. Brain Cured 





Remarks 


Rhino. persisted 
until 2nd 
Convulsions 


op. 


Air aspirated at 
previous hospi- 
tal, through 
burr hole 


Self-inflicted 


Rt. 3rd 
since injury 
Bullet 


convulsions 


nerve 
wound, 
Meningioma 


had 


moved 


been re- 
from 


sphenoid ridge 


Bullet 
self-inflicted, 


wound 


convulsions 


Sneezing fol- 
lowed by sud- 
den headache 
day before 
pneumo. = dis- 
covered 

Postop. extra- 
dural — hemor- 
rhage 


Blindness from 
direct injury to 
eyes 


these cases, there was also subdural air. There was only 1 other case of sub- 


dural location of air. In Case 


99 


~~, 


there was pneumoventricle and subarach- 


noid air. All but 1 of the patients with pneumocephalus were cured by one 
operation; in Case 16 a second operation was necessary to cure persistent 
rhinorrhea. 

Either a bilateral coronal scalp incision or unilateral concealed frontal 
incision was made under general anesthesia. Unilateral frontal bone flap on 
the same side as the rhinorrhea was made in most cases. In 2 cases, the ex- 
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posure was accomplished through a previously existing frontal craniectomy 
defect. The exact surgical technique varied somewhat from case to case. 
When present, intracerebral aerocele was evacuated as soon as the exposure 
was made. Usually extradural exploration was done first, with exposure of 
the posterior table of the frontal sinus and the cribriform plate. The bony 
defect was usually filled with muscle, cauterized in place, and covered with 
gel foam. If the rent in the dura mater could be closed from this approach, 
this was done usually with fine silk sutures. It was usually necessary to use 
a fascial graft. Temporal fascia, galea, or pericranium were used. Most often, 
the defect in the dura mater was attacked intradurally and extradurally. 
When it was not feasible to suture the graft in place in a water-tight fashion, 
the graft was placed over the bone defect, tacking it in place with occasional 
sutures, often to the falx. 

Comments. All 27 patients received antibiotic medication; in the earlier 
cases penicillin and sulfadiazine were given; the drugs were administered for 
a few days before surgery as well as postoperatively. The surgery usually 
was done under inhalation anesthesia and with tracheal intubation. Concen- 
trated human albumin intravenously was used in occasional cases to shrink 
the brain for better exposure, especially in those cases of rhinorrhea without 
pneumocephalus. Twenty-six of the 27 patients were operated upon without 
mortality and without increasing the pre-existing neurological deficit. The 
remaining patient was not operated upon by us. Of these 26 patients, 21 were 
cured by one operation, 3 required two operations and 2 required three 
operations.* 

DISCUSSION 

With intracerebral pneumatocele, it seems logical to expect a laceration 
of the brain and pia arachnoid in the vicinity of the dural fistula. This has 
been true in all our cases. Rhinorrhea may subside when the pia arachnoid, 
brain, and dura mater become adherent about the fistulous tract. However, 
if the pneumatocele later communicates with a ventricle, profuse rhinorrhea 
ean occur. Intracranial air can produce symptoms because of (1) the in- 
creased intracranial pressure, (2) irritating effect of the air, and (3) infection, 
acute or chronic. 

Patients with pneumocephalus usually show some degree of confusion 
and are usually quite ill. When pneumoventricle and rhinorrhea are absent 
the intracranial pressure tends to be greater. Convulsions are often seen and 
in Case 17 hemiparesis could definitely be attributed to a pneumatocele. 

Spontaneous closure of the fistula is known to have resulted in the cure 
of pneumocephalus and rhinorrhea. This is more likely to happen in eases in 
which intracranial pneumocephalus occurs immediately after injury and not 
when it is of delayed onset. There may be late recurrences of rhinorrhea with 
meningitis in cases of apparent spontaneous cure. We feel that surgery is in- 


* The third operation in Case 13 was done successfully by Col. John Martin. 
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dicated when rhinorrhea or pneumocephalus has existed for 3 or 4 weeks. The 
surgical risk is not great. 

Water-tight closure of the dural defect is most successful though not al- 
ways possible. Overlooking a second fistula will almost surely result in failure 
to effect a cure. It is possible that in an occasional patient who is apparently 
cured, recurrence of rhinorrhea can develop in the future. 


SUMMARY 
Fifteen cases of chronic rhinorrhea and 12 cases of persistent pneumo- 
cephalus are presented. Twenty-six of these patients were operated upon. 
Successful obliteration of the fistulous tract was accomplished in all surgical 
‘ases, without mortality or added neurological deficit. Five patients required 
multiple attacks before cure was effected. 
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PERITONEAL SHUNT FOR HYDROCEPHALUS 
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HOUGH recognized by the ancients, hydrocephalus, as noted by Doro- 

thy Russell,!* remained an anatomical enigma until the time of Vesalius”’ 

who gave the first accurate description of an autopsied case. It remains 
a partial etiological enigma until the present time. However, a great deal of 
knowledge has accumulated concerning its origin through the efforts of nu- 
merous workers from Magendie through Dandy. The saga of the treatment of 
hydrocephalus has been well documented in numerous reviews.'*:*:? On the 
whole, treatment has been directed toward either reducing the quantity of 
cerebrospinal fluid or shunting cerebrospinal fluid into areas where absorp- 
tion or excretion may occur. Many ingenious shunting procedures have been 
devised. 

Ureterothecal Anastomosis. Shunting fluid from the subarachnoid space 
into the ureter after nephrectomy was first proposed and attempted by 
Drachter’ and independently by Heile!’® in 1925. Heile anastomosed the kid- 
ney pelvis directly to the subarachnoid space. This procedure was modified 
by Matson who utilized a polyethylene catheter inserted into the suba- 
rachnoid space and into the free end of a ureter detached from the renal pel- 
vis. Matson’s method has had rather wide acceptance and has been effective 
in many instances. There are, however, as pointed out by Matson, certain 
disadvantages which warrant further search for a means of diverting the 
cerebrospinal fluid of a communicating hydrocephalus. These include: 
(1) sacrifice of a kidney, (2) loss of fluid and electrolytes resulting from ex- 
cretion of the cerebrospinal fluid with the urine and (3) possible retrograde 
infection. 

Ventriculomastoid Shunts. In 1950 Nosik!’ proposed ventriculomastoid 
shunts employing a cannula connecting the dilated temporal horn of the 
lateral ventricle with the antrum of the mastoid. Because of the high inci- 
dence of middle ear infection in childhood and the attendant danger of men- 
ingitis, this ingenious method carries a significant risk. 

Peritoneal Shunts. Cerebrospinal fluid diversion to the peritoneum was 
first attempted by Ferguson® in 1898. He accomplished this with a U-shaped 
silver wire passed from the subarachnoid space about the cauda equina 


* Awarded the Woodruff Essay Prize of the St. Louis Medical Society, Dec. 15, 1953. 
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through a drill hole in the 5th lumbar vertebra into the peritoneum. In 2 
cases reported, the first patient died shortly, and the second after 3 months’ 
improvement. In 1905 Nicoll!® attempted a peritoneal shunt by attaching 
omentum, which was brought through a paravertebral opening, to a defect 
in the spinal dura mater. Ventriculoperitoneal shunt was attempted with a 
rubber tube by Kausch"™ in 1905 and with a silver wire by Hartwell’ in 1910. 
The latter’s patient is particularly interesting in that he survived for 2 years. 
After death from a brain stem tumor without evidence of increased pressure, 
a patent scarred tube was found connecting the ventricle and the peritoneum. 
Cushing? accomplished peritoneal shunts in 1905 by means of a silver can- 
nula passed through the 4th lumbar vertebra into the peritoneal cavity. 
Twelve patients were treated in this way, but the operation was abandoned 
because of the development of intussusception and death in 2 patients. Cush- 
ing attributed these complications to the presence of pituitary secretion in 
the cerebrospinal fluid causing increased peristalsis. Further attempts at a 
peritoneal shunt were made by Heile*® by means of silk threads, vein grafts, 
and a rubber tube from the dura mater to the peritoneum. 

Following these early trials with peritoneal shunts the procedure fell into 
disrepute among modern surgeons. It has recently been revived by Cone, 
Lewis, and Jackson” who advocate ventriculoperitoneal and in some in- 
stances lumbar subarachnoid-peritoneal shunts. Analysis of their results has 
not yet been published. The experience of others seems to indicate frequent 
failure of the peritoneal shunts because of obliteration of the peritoneal end 
of the shunting tube by exudate or adhesions.! 

Other Shunting Procedures. Among other methods that have been sug- 
gested are shunts from the ventricles to the pleural cavity and to major ve- 
nous sinuses. Experimental pleural shunts were found unsatisfactory by In- 
graham and co-workers." This has also been our experience in patients. At- 
tempts to sidetrack the cerebrospinal fluid into large venous channels have 
been made unsuccessfully since proposed by Payr' in 1908 and Haynes* in 
1913. 

Ideally a shunt will provide for removal of excess cerebrospinal fluid from 
its usual habitat and for its reabsorption to prevent fluid and electrolyte im- 
balance. Persistent patency in the presence of normal cerebrospinal fluid 
pressure, minimal local reaction to the shunting mechanism and least oppor- 
tunity for central nervous system infection are imperative. It is the purpose 
of this communication to propose a workable modification of the peritoneal 
shunt applicable to female hydrocephalics and to present the early results in 
12 patients so treated. 


METHOD 
Preliminary Considerations. Demonstration of hydrocephalus and deter- 
mination of its type is effected by combined ventricular and lumbar punc- 
ture. If PSP or indigo carmine dye placed in the ventricle appears in the lum- 
bar cistern within 30 minutes, adequate communication is considered pres- 
ent. Air studies have been useful in excluding the presence of a tumor as 
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well as helpful in further determination of patency of the aqueduct of Sylvi- 
us. In patients whose hydrocephalus is secondary to meningitis inactivity of 
infection has been established by the following criteria: (1) absence of bac- 
teria by culture, (2) normal temperature, (3) normal cerebrospinal fluid cytol- 
ogy, and (4) a rising spinal fluid sugar level of 35 mg. per cent or more. These 
rather arbitrary criteria have seemed satisfactory. 

Operative Technique. With the patient in the right lateral recumbent position, 
laparotomy is performed through a McBurney muscle-splitting incision. The intes- 
tines are packed superiorly out of the operative field with moist sponges and the fal- 
lopian tube with its associated ovary is isolated. A heavy silk suture is placed through 
the mesosalpinx, around the fallopian tube, and the tube is ligated about 2-3 em. 
proximal to the fimbria (Fig. 1). The mesosalpinx is left intact. A small rounded 
metal probe is then 1userted into the fimbria and passed through the lumen of the 




















Fig. 1. Showing exposure of fallopian tube and ovary through a McBurney incision. Ligatures are 
placed on either side of point of incision (dotted line) into fallopian tube. 


salpinx in a retrograde fashion to the level of the previously placed ligature. An in- 
cision is made through the wall of the salpinx and the probe is passed free into the 
peritoneal cavity. A curved #18 polyethylene tube, preformed in hot water, is 
threaded over the probe which is retracted into the lumen of the salpinx, detached 
from the polyethylene tube and withdrawn. The polyethylene catheter is then se- 
cured with two sutures transfixing the lumen of both it and the salpinx, and a purse- 
string suture in the wall of the salpinx (Fig. 2). 

Through a separate midline lumbar incision a partial right hemilaminectomy of 
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the 2nd or 3rd lumbar vertebra is performed. A Kelly clamp is passed through the 
paraspinal muscles to the retroperitoneal space, and under direct vision the posterior 
peritoneum is incised over the end of the clamp. The previously fixed polyethylene 
catheter is brought through this tunnel to present in the laminectomy wound (Fig. 
3). The dura mater and arachnoid are opened between two stay sutures and the free 
perforated end of the polyethylene catheter is inserted caudally into the subarach- 
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Fic. 2. Probe introduced through fimbria as guide for polyethylene tube to be inserted into salpinx. 
(Inset) Tube being anchored by suture. 


noid space. Care is taken to ascertain that the tube is placed beneath the arachnoid 
and not merely subdurally. The dura mater is closed in routine fashion and the tube 
is secured with a single fine silk suture transfixing its lumen (Fig. 4). The intra-ab- 
dominal loop of the catheter is then fixed to the parietal peritoneum deep in the iliac 
fossa with a single silk suture. Routine closure of the wounds is then completed. 

In certain instances (e.g. lumbar arachnoiditis, myelomeningocele, cisterna mag- 
na obstruction) it may be desirable to create a shunt directly from the cerebral ven- 
tricles to the salpinx. In these, telescoped tubes are passed through the paravertebral 
musculature, up the subcutaneous tissues of the back and through an occipitoparie- 
tal perforator opening into the ventricle (Fig. 5). It is felt that the use of a telescoped 
tube for the ventriculosalpingeal anastomosis may be of value to counteract discrep- 
ancies in body and tube length as the patient grows. 
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Fic. 3. Proximal end of polyethylene tube is pulled through paraspinal muscles for subsequent i 
implantation into lumbar subarachnoid space. j 
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Fic. 4. Through a partial hemilaminectomy the tube is inserted into lumbar theca 
and anchored by a transfixion suture to the dura mater. 














PERITONEAL SHUNT FOR HYDROCEPHALUS 289 


Postoperative Considerations. Following operation oral feeding is withheld 
for 24 hours to decrease the incidence of postoperative distention. Imme- 
diately after surgery there is depression of the fontanelle and some over-riding 
of sutures as a result of cerebrospinal fluid loss at operation. During the sec- 
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Fic. 5. (Left) For ventriculosalpingostomy, after fixing the distal end of the catheter in salpinx, 
the proximal end is carried subcutaneously up to the occipital area. Tubing is telescoped in anticipation 
of body growth. (Right) Rostral end of tube inserted into lateral ventricle through a burr hole. (Jnsets) 
Details of making lateral openings into tube and bending and sealing it over a small heating iron. 


ond and third 24-hour periods the fontanelle again becomes tense, presum- 
ably because of spasm of the salpinx secondary to operative manipulation. 
By the fourth day, the fontanelle gradually becomes soft and concave. 


RESULTS 

This method has been employed in 12 unselected patients. Salpingothecal 
anastomosis was performed in 8 instances and ventriculosalpingostomy in 4. 
Among the 12 patients there have been 2 deaths. The first patient had a sal- 
pingothecal anastomosis and death occurred 24 hours following cardiac ar- 
rest on the operating table. The second patient had had a ventriculosalping- 
ostomy and died 2 months postoperatively. Her father reported that she had 
been active the day before her death and more alert than at any time prior 
to operation. Death was sudden without apparent increase in pressure and 
with no evidence of infection. Autopsy was not obtained. Of the 7 living pa- 
tients with salpingothecal shunts, all are apparently functioning at the pres- 
ent time. Of the 3 living patients with ventriculosalpingostomies, 2 are ap- 
parently functioning; 1 is not. In evaluating the results of the operations, 
criteria for a functioning shunt have included: (1) retraction of the previous- 
ly bulging fontanelle, (2) collapse and over-riding of the previously separated 
sutures and (3) cessation of disproportionate head enlargement (with actual 
shrinkage in the younger children). 

Five of the patients in this series required two or more operative proce- 
dures because of initial failure. Subsequent reoperation on these has revealed 
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the following causes of failure: (a) Mechanical failure of the shunt caused by 
displacement of the polyethylene tube from the lumbar cistern. This has oc- 
curred in 4 patients. In the first the catheter had been placed extraperito- 
neally and the displacement was felt to have been incident to postoperative 
abdominal distention. Catheters are now placed transperitoneally and fixed 
to the dura mater with a suture transfixing the lumen of the tube. (b) Kink- 
ing of the tube at the site of the lumbar cisternal insertion. This can be 
avoided by preforming the tube with heat before placing it in the subarach- 
noid space (c) Arachnoiditis obliterating the lumbar cistern occurred in 1 
patient (G.M.). The polyethylene tube was subsequently removed and 
placed in the ventricle. In one other instance in which the tube had slipped 
from the subarachnoid space, moderate arachnoiditis was noted at re-explor- 
ation. Reinsertion of a new tube into the lumbar theca has apparently proved 
effective. (d) Peritoneal adhesions about the fimbria were responsible for 
failure to function in only 1 patient (M.K.). In this infant initial salpingo- 
thecal anastomosis was found to be nonfunctioning after 2 months. A second 
operation revealed that the tube had slipped out of the lumbar cistern and 
re-anastomosis was performed using a new tube. The second procedure also 
failed. Re-exploration showed the presence of a constricting band and a large 
thin-walled cyst about the fimbria. Freeing the fibrous band and evacuation 
of the cyst resulted in a functioning shunt. It is of course obvious that the 
incidence and severity of adhesions increases with successive operations. 

In this series of patients there has been no evidence of fluid or electrolyte 
imbalance; nor has there been evidence of meningitis or other central nervous 
system infection. Postoperative abdominal distention has been transitory 
and has responded to conservative management. There have been no un- 
toward effects from reduction of cerebrospinal fluid pressure. Decompression 
has usually been slowly progressive except for that immediately incident to 
fluid loss during the insertion of the catheter into the ventricle or subarach- 
noid space. 

All of the patients have had a communicating type of hydrocephalus ex- 
cept 3. Two of these infants had a noncommunicating hydrocephalus which 
had been treated with a tube running from the lateral ventricle to the cister- 
na magna. Following the Torkildsen procedure hydrocephalus progressed 
although communication between the ventricles and the lumbar cistern was 
subsequently demonstrated. In each a salpingothecal anastomosis was per- 
formed, leaving the Torkildsen tube in place. In one of these subsequent 
arachnoiditis led to failure to function. A ventriculosalpingostomy was then 
performed. 

In 9 patients there was no demonstrable cause for congenital hydroceph- 
alus. Two patients had hydrocephalus associated with myelomeningocele. 
In 1 infant hydrocephalus developed after meningitis. 

The patients in this series were between 3 months and 3 years of age at 
the time of operation. The longest postoperative interval is 12 months; the 
shortest, 8 weeks (Table 1). The postmeningitic patient has been followed 
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Case Age oes 

(mos.) Type 
ES. $3 Communicating 
R.B. 53 Mixed 
R.G. 11 Communicating 
BJ. 3 Communicating 
M.R. 6 Communicating 
C.P. 44 Communicating 
CK, 12 Communicating 
cs. Ff Communicating 
ma, 7 Communicating 
AB. 7 Communicating 
J.P. 36 Non- 


G.M 


communicating 


. £ Mixed 


TABLE 1 











Operation Remarks Result 

Salpingothecal (2) First tube slipped out Functioning shunt, 
of theca; replaced. 12 mos. follow-up. 

Torkildsen Aqueductal stenosis Functioning, 10 mos. 

Salpingothecal and obliterated lat- after salpingothecal. 
eral cisterns. 

Salpingothecal Shunt above associ- Functioning, 9 mos. 
ated myelomeningo- after shunt. 
cele. 

Salpingothecal Cardiac arrest at op- Died, 24 hrs. 


eration, temporary 
response to cardiac 


massage. 

Salpingothecal Postmeningitic hy- Functioning, 6 mos. 
drocephalus follow-up. 

Salpingothecal (2) First tube slipped, Functioning, 5 mos. 


Ventriculosalpingostomy replaced; inadequate after ventriculosal- 
communication from pingostomy 


kinking (?) 


Ventriculopleural Associated myelo- Functioning, 6 mos. 
Ventriculosalpingostomy meningocele. Pleural after ventriculosal- 
shunt ineffective. pingostomy. 
Salpingothecal Functioning, 5 mos. 
follow-up. 
Salpingothecal (2) First tube slipped Functioning, 3 mos. 


Exploratory laparotomy out of lumbar cis- after freeing  peri- 
tern; replaced. Sub- fimbrial cyst. 
sequent laparotomy 
showed cyst around 
fimbria, plus adhe- 
sion across fimbria. 


Salpingothecal (2) First tube slipped Functioning, 3 mos. 
out of lumbar theca; follow-up. 
replaced. 


Ventriculosalpingostomy Rapid progression of Died, 2 mos. after 
previously consid- functioning shunt. 
ered “arrested hy- 
drocephalus.”’ Shunt 
apparently successful 
for 2 mos.; died sud- 
denly at home, exact 
cause unknown. 

Torkildsen Associated tracheo- Nonfunctioning, 2 

Salpingothecal esophageal fistula mos. 

Ventriculosalpingostomy — successfully repaired. 

Arachnoidal —adhe- 
sion following | sal- 
pingothecal. 





for 6 months without evidence of failure of the shunt or of recurrence of men- 
ingitis. 


ILLUSTRATIVE CASE REPORT 


R.B., a 3-month-old white female infant, was first admitted to the St. Louis 
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Children’s Hospital on Oct. 1, 1952, with a history of enlargement of the head for 2 
to 3 weeks. 

Examination revealed an obviously hydrocephalic head with a circumference of 
47.2 cm. The fontanelle was tense and bulging, the sutures were separated and the 
veins of the scalp were prominent. Reflexes were hyperactive and muscle tone was 
increased in all extremities. X-ray films of the skull revealed separation of the cranial 
sutures. Combined ventricular and lumbar punctures revealed no communication. 
Ventriculograms showed markedly dilated lateral ventricles. A diagnosis of aque- 
ductal stenosis was made. 

1st Operation. Ventriculocisternostomy (Torkildsen procedure) was done. 

Course. There was immediate collapse of the fontanelle and over-riding of the 
sutures. After 1 week the head began to re-expand. The patient was discharged 2 
weeks after operation to be followed in the Washington University Clinics. As the 
head continued to enlarge she was readmitted to St. Louis Children’s Hospital on 
Nov. 8, 1952. 

2nd Operation. Combined puncture demonstrated communication between the 
lateral ventricles and the lumbar cistern. Re-exploration of the suboccipital region 
confirmed patency of the Torkildsen tube with free communication between the 
lateral ventricle and the cisterna magna. It was noted that the lateral cisterns were 
obliterated and it was assumed that this factor was responsible for failure of reab- 
sorption of cerebrospinal fluid. 

Course. Enlargement of the head progressed to 49 cm. in circumference. The 
anterior fontanelle was large, tight and bulging and the cranial sutures were sep- 
arated. 

3rd Operation. On Dec. 24, 1952, a salpingothecal anastomosis was performed. 

Course. The fontanelle remained full but soft for 2 days, and then progressively 
receded. The patient was discharged 8 days after operation in good condition. 

Since discharge she has been followed regularly, and was last seen on Oct. 26, 
1953, 10 months after salpingothecal anastomosis. There has been steady mental 
and social development. She is now 16 months old—walks without assistance, chatters 
incessantly, and has a small vocabulary compatible with her age. The head measures 
48 cm. (O.F. circumference), the chest 48 cm. The fontanelle is concave, firm and 
closing. She is apparently bright and of normal intelligence. There has been no gas- 
trointestinal disturbance, and no evidence of fluid accumulation in the abdomen. 


DISCUSSION 

Davidoff! stated “the difficulty ... with the operations [i.e. shunting 
procedures] though logically conceived in relation to the mechanism of the 
liquor circulation, is that they often fail to take into consideration the reac- 
tion on the part of the body toward the newly established pathways and 
toward the material utilized in establishing these pathways.” It is believed 
that the operation herein proposed overcomes at least part of these difficul- 
ties. It has long been felt that the reason for failure of cerebrospinal-perito- 
neal shunts has been the ability of the peritoneum and its omentum to form 
protective adhesive coatings about foreign bodies and other irritants. It is 
therefore apparent that a “physiological” access to the peritoneum for cere- 
brospinal fluid is most desirable. Such an entrance is apparently afforded by 
the fimbria of a ligated fallopian tube. Since the end of the polyethylene 














PERITONEAL SHUNT FOR HYDROCEPHALUS 293 


catheter is enclosed within the salpinx, peritoneal or omental reaction to the 
catheter itself would not be expected to be of significance. 

Jackson” pointed out that arachnoidal reaction to a polyethylene cathe- 
ter among the roots of the cauda equina may occur. In the present group of 
cases, this proved to be responsible for failure in only 1 patient and was over- 
come by performing a ventricular shunt. 

As shown by Matson” the main disadvantage of shunting procedures 
that allow for escape of cerebrospinal fluid outside the body is fluid and elec- 
trolyte imbalance. Reabsorption of cerebrospinal fluid from the peritoneum 
precludes this possibility. 

The pitfalls of early optimism for therapeutic procedures for hydroceph- 
alus are manifold. Final evaluation of the efficacy of the proposed procedure 
must come only after much wider trial and more prolonged follow-up. There 
are many areas of possible concern for the future. Growth discrepancy is per- 
haps primary. Although little disproportion between body growth and tube 
distance is anticipated in the salpingothecal anastomoses, this looms as an 
important factor in ventriculosalpingeal shunts. It is hoped that the tele- 
scoped polyethylene tube, with its potential for insertion of an additional 
length of tubing, will be effective over the period of normal growth. 

Other sources for concern include: (1) the possibility of back pain from 
lumbar arachnoiditis, (2) the sequelae of pregnancy with its enlarged uterus 
and possible compression of the polyethylene and fallopian tubes. 

The ultimate test of the efficacy of any therapeutic procedure must de- 
pend upon the patient’s subsequent intellectual and social development. The 
follow-up of these patients has been too short to warrant definite conclusions. 
Furthermore, in the earlier cases at least, no attempt has been made to select 
patients with early or mild degrees of hydrocephalus. Despite this it seems 
apparent that all but one of the patients with successfully arrested hydro- 
cephalus have progressed favorably and that at least some give promise of 
adequate behavior and intelligence. 

SUMMARY 

1. Modern surgical procedures for treating hydrocephalus have been 
briefly reviewed. 

2. A modified method of cerebrospinal fluid-peritoneal shunt, utilizing 


the fimbria of the fallopian tube for entrance into the peritoneal cavity, is 
described. 


3. An analysis of the results in 12 patients so treated and a representative 
case summary are presented. 
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ADDENDUM 


One month after preparation of this manuscript, the nonfunctioning 


ventriculosalpingostomy (G.M. Table 1) was revised; the tube was found 
to be obstructed at ventricular end and had retracted out of the fallopian 
tube; a new tube was inserted with subsequent restoration of function. At 
time of proofreading, an additional 4-month follow-up shows that all shunts 
are functioning satisfactorily except for the doubtful status of C.P., whose 
head circumference after primary decrease has returned to pre-operative di- 
mensions, although the fontanelle has decreased in size and is concave. 
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VENTRICULO-PLEURAL ANASTOMOSIS 


IN TREATMENT OF MIDLINE OBSTRUCTIONAL NEOPLASMS 
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New York, and Columbia University, New York, New York 


(Received for publication December 30, 1953) 


HE accepted approach to the treatment of posterior third ventricle 

tumors, obstructive brain stem gliomas and certain inoperable posterior 

fossa neoplasms has been a combination of operative therapy planned 
to relieve the secondary hydrocephalus followed by x-ray therapy directed 
towards the underlying neoplasm. While the ultimate outcome of these in- 
operable cases is determined by the sensitivity of the lesion to roentgen 
therapy, the earlier course is completely dependent on the efficacy of the 
“by-passing” procedure. Ventriculocisternostomies? have been widely and 
successfully employed in the relief of this type of obstructive hydrocephalus; 
at times subtemporal decompression® has also been advocated. We have oc- 
‘asionally employed ventriculocisternostomy in conjunction with splitting 
the tentorial ring when we felt that there was blocking of the cerebrospinal 
fluid pathways at that site as well as at the aqueduct of Sylvius. 

In 1952, when we presented the technique of ventriculo-suprahepatic 
anastomosis in the treatment of primary hydrocephalus, we also mentioned 
the use of ventriculo-pleural shunt in similar conditions. We are still studying 
these methods in the treatment of hydrocephalus but feel that a longer fol- 
low-up period is desirable before reporting on our results. Ventriculo-pleural 
anastomosis, however, is a relatively simple and easily performed procedure 
so that its use in the treatment of secondary hydrocephalus complicating 
midline cerebral neoplasms seemed worth a trial. 

The following is a brief report of 6 consecutive cases of obstructive hydro- 
cephalus secondary to neoplasms in which ventriculo-pleural anastomosis 
proved successful in relieving the increased intracranial pressure for at least 
the limited period of time required in these instances. 

OPERATIVE TECHNIQUE 

Under intratracheal anesthesia, the right occipitoparietal burr hole used for ven- 
triculography is reopened and a #10 rubber catheter or a plastic tube of similar 
diameter is inserted into the ventricle. Three or four holes have previously been 
placed in the terminal 3 cm. of the tubing. After firmly suturing the tube to the per- 
iosteum at the burr hole, the other end of the tubing is carried through a subcuta- 
neous tunnel along the posterior aspect of the neck and right upper thorax to the re- 
gion of the 4th or 5th intercostal space. In this region, through a 2 to 3 inch incision, 
the pleura is exposed, and when all is in readiness a small stab is made in the pari- 
etal pleura. Tubing with three holes in the terminal 3 cm. is then passed into the 
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pleural cavity for a distance of 6 to 8 cm. The lung is re-expanded and all incisions 
are closed in the usual manner. It is usually necessary to make a small incision at the 
base of the neck in order to facilitate passing the tube through this region. Postoper- 
atively the head is kept at all times at least at a 30° elevation in order to insure a con- 
stant flow of fluid through the shunt. 

CASE REPORTS 

Case 1. E.H. Anterior 3rd ventricle tumor. Relief of pressure for 14 months after 
V-P anastomosis and x-ray therapy. 

A 4-year-old boy was admitted with a history of rapidly developing blindness as- 
sociated with severe papilledema, nausea and vomiting. 

Ventriculography on Oct. 10, 1952 demonstrated an anterior 3rd ventricle tumor 
which on craniotomy proved to be an astrocytoma. 

Postoperatively it was obvious that the patient still had ventricular obstruction, 
and on Oct. 17, 1952, after several days of ventricular drainage, a right ventriculo- 
pleural anastomosis was carried out. 

He has received several courses of x-ray therapy. There has been no change in the 
preoperative blindness, the fundi now showing marked atrophy. However there has 
been no recurrence of the signs or symptoms of increased intracranial pressure and 
the child is able to attend a school for the blind. 


Case 2. M.T. Posterior 3rd ventricle tumor. Signs of progression of tumor without 
recurrence of increased pressure 6 months after V-P anastomosis. 

A 13-year-old girl was admitted with a 4-month history of headache, unsteadi- 
ness, involuntary movements of the right arm, nausea and vomiting. Examination 
showed severe papilledema associated with almost complete blindness, a right dys- 
metria, bilateral Babinski sign, and extreme drowsiness. 

On May 25, 1953 a ventriculogram demonstrated a posterior 3rd ventricle tumor, 
and a lamina terminalis and third ventriculostomy were performed. 

After several days it became obvious that the patient was still suffering from in- 
creased intracranial pressure so that on June 3, 1953 a right ventriculo-pleural 
anastomosis was carried out. 

Since this procedure the patient has had no signs of increased intracranial pres- 
sure; she has, however, showed definite evidence of further tumor growth in spite of 
x-ray therapy. 


Case 3. AS. Brain stem tumor. Relief of increased intracranial pressure for 6 
months. 

A 43-year-old housewife was admitted with a history of progressive numbness of 
the left side of the face and a right hemiparesis of 10 months’ duration. Pneumoen- 
cephalography revealed a picture typical of a brain stem tumor. The patient was 
started on x-ray therapy but after several weeks signs of acute ventricular obstruc- 
tion developed. 

A ventriculo-pleural anastomosis was carried out on June 10, 1953, with imme- 
diate subsidence of all signs of increased pressure. 

During a 6-month follow-up period no new findings have developed. 


Case 4. A.A. Large 3rd ventricle tumor. Relief of increased pressure for 7 months. 
A 66-year-old woman was admitted with a 2-month story of headaches, confu- 
sion, and poor visual acuity. The patient was obtunded and disoriented. The fundi 
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could not be seen because of bilateral cataracts. Ventriculography on May 3, 1953 
demonstrated a large nodular tumor mass filling almost the entire 3rd ventricle, and 
causing ventricular obstruction. 

A ventriculo-pleural anastomosis was carried out on the same day and was fol- 
lowed by a course of x-ray therapy. 

To date, Dec. 24, 1953, there has been no recurrence of her complaints. 


Case 5. M.K. Third ventricle tumor. Relief of increased pressure for 19 months in 
spite of signs of continued tumor growth. 

A 6-year-old boy was admitted with a progressive history of 13 weeks’ duration 
characterized by headaches, vomiting and double vision. Examination revealed 
severe papilledema and a left 6th nerve palsy. Ventriculography on Mar. 24, 1952 
was considered to show a tumor in the region of the pineal gland. 

A ventriculo-pleural anastomosis was performed with immediate relief of the in- 
creased intracranial pressure. 

The patient, in spite of x-ray therapy to skin tolerance, has shown definite signs 
of a progressive left hemiplegia without any further suggestion of increased intra- 
cranial pressure. 


Case 6. V.F. Relief of pressure signs for 7 months until death from tumor growth. 

A 16-year-old girl was admitted complaining of headache, tinnitus and episodes 
of numbness in the right arm. Examination showed a mild right hemiplegia and pap- 
illedema. On July 26, 1952 ventriculography was considered to demonstrate aque- 
duct stenosis. 

After a negative posterior fossa exploration, ventriculocisternostomy was per- 
formed. Her signs of pressure continued. 

On Aug. 23, 1952 a lamina terminalis and third ventriculostomy were performed. 
These procedures also failed to relieve the increased pressure. 

On Sept. 12, 1952 ventriculo-pleural anastomosis was carried out. 

The patient died 7 months later with the signs of a brain stem tumor that were not 
checked by x-ray therapy; there was no recurrence, however, of increased pressure. 


Tabulation of cases 





Case | Site of Length of | X-ray 

No. Age Tumor Follow-up | Rx. Outcome 
1 4 ant. III v. 14 mos. yes | good 

: | 18 post. IIT v. 6 mos. yes tumor regrowth; no pressure 
3 | 43 brain stem 6mos. | yes good 

4 66 III v. 7mos. | yes good 

5 | 6 post. IIT v. 19 mos. yes tumor regrowth; no pressure 
6 16 brain stem | 7 mos. yes died; no pressure 





DISCUSSION 


The ability of the pleural surfaces to absorb cerebrospinal fluid with a 
normal or elevated protein content is apparently fairly good. The first week 
or 10 days after a ventriculo-pleural anastomosis, x-rays will disclose a small 
amount of fluid in the pleural space; thereafter the chest is clear by x-ray as 
well as on physical examination. (We have had several instances when fluid 
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continued to accumulate in the chest; this did not occur in the patients with 
tumors.) Two possible explanations for the disappearances of fluid in the 
chest have occurred to us. First, the ability of the pleural surfaces to absorb 
fluid increases; second, there is an equilibrium established between the rate 
of production of cerebrospinal fluid and the ability of the pleura to absorb. 
While the latter explanation seems more likely to us, further study of this 
problem is being undertaken. 

The use of an exteriorizing procedure that depends on extracranial re- 
absorption of the fluid has an important advantage over intracranial by- 
passing procedures in the treatment of hydrocephalus secondary to midline 
tumors. As these lesions grow there is always the possibility of compromising 
the subarachnoid spaces at the tentorial ring and along the base of the brain, 
thus making it impossible for the fluid to circulate even after it has been con- 
ducted around the blocked aqueduct or midline ventricle. This continued 
expansion of the tumor does not interfere with the working of an extracranial 
shunt. It is quite possible that this is the explanation of the failure of the 
Torkildsen procedure in Case 6. 

It is also our feeling that the simplicity of this procedure and the speed 
with which it can be carried out is a distinct advantage in the handling of 
these patients, many of whom are quite ill. 


SUMMARY 


Six patients with obstructive hydrocephalus secondary to midline tumors 
were treated by ventriculo-pleural anastomosis. This procedure proved satis- 
factory in reducing the increased intracranial pressure for at least a period 
sufficiently long to allow an adequate dose of x-ray to be delivered to the 
tumor. 
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ADDENDUM 


In the intervening 4 months since this paper was submitted for publica- 
tion, Cases 1, 3 and 4 have continued to do well. Case 5 has shown further 
deterioration, still without signs of increased intracranial pressure. Case 2 is 
of particular interest: this girl lapsed into coma and died in January, 1954, 
some 7 months after the ventriculo-pleural anastomosis. At autopsy there 
were no signs of increased intracranial pressure. The tumor proved to be a 
glioblastoma arising in an astrocytoma with extensive subarachnoid me- 
tastases. In addition there were widespread metastases in the right pleural 
cavity, the abdominal lvmph nodes and the bone marrow of the sternum 
and vertebral bodies. 
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was described as a treatment in trigeminal neuralgia. The paper reported 

the results in 10 cases with a very short follow-up. Since then this method 
has been used almost regularly in cases of trigeminal neuralgia in Copenha- 
gen, and it has been introduced too in a number of clinics in other countries. 

Up to the present the procedure has brought both some satisfaction and 
some disappointment. The disappointment has been that in some of the pa- 
tients, as was apprehended in the first communication, the pain has recurred 
and a re-operation has been necessary. The satisfaction has been that the 
risk of this operation seems to be rather small in a larger series and that the 
procedure seems to be useful also in other hands.!:3>8 

However, in some of the clinics where this surgical procedure has been 
tried, there has been doubt about certain technical details of the operation, 
and the technique has been modified.!**: 9" 

It is therefore felt justifiable to describe here the details of the technique 
used and to report on further experiences with the operation, with a warning 
against too much enthusiasm, as follow-up has shown that recurrence of the 
pain has occurred in at least some of the patients. It will be necessary to fol- 
low the patients for a long period before the actual percentage of recurrences 
can be established. It is felt that it still is too early to advocate this surgical 
procedure as one that should be used as a standardized operation at present. 

THE MATERIAL 

Up to July 1, 1953 a total of 76 patients have been treated in Copenhagen 
by decompression of the trigeminal root (Table 1). 

The patients may be divided in three groups: (1) those with lightning-like 
shooting pain called typical trigeminal neuralgia, (2) those with the same 
kind of pain but who have besides this a more constant burning pain called 
atypical trigeminal neuralgia, and (3) those showing no tic pain but a more 
constant burning pain in some part of the face, called atypical facial pain. 

The difference, if any, in etiology and pathogenesis between the diseases 
of the first two groups is small. Both groups suffer from what is usually 
called trigeminal neuralgia, and the results of the decompressive treatment 
indicate that the diseases in these two groups are related. On the other hand, 


I A preliminary communication” decompression of the trigeminal root 


* Chief: E. Busch, M.D. 
+ Chief: B. Broager, M.D, 
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TABLE 1 
Material 
Typical Atypical Atypical 
Trigeminal Trigeminal Facial 
Neuralgia Neuralgia Pain 
Number of patients (76) 43 27 6 
Men (32) 15 13 + 
Women (44) 28 14 2 
Average age 60 yrs. 56 yrs. 42 yrs. 
(29-79 yrs.) (34-73 yrs.) (29-63 yrs.) 
Average duration of symptoms 7 yrs. 7 yrs. 11 yrs. 
(2 mos.-23 yrs.) (1 mo.—-25 yrs.) (1-30 yrs.) 
Right side 29 14 2 
Left side 11 10 3 
Both sides 3 3 1 
Ist branch 0 1 1 
2nd branch 5 6 1 
3rd branch 9 4 1 
Ist+2nd branches 9 4 1 
Ist+8rd branches 1 0 0 
2nd+8rd branches 15 8 1 
Ist +2nd+3rd branches 4 4 1 
Previous peripheral treatment 28 15 5 
Previous trigeminotomy 1 1 0 
Pre-operative “spontaneous” 
hypesthesia | 10 1 


(hemihypesthesia) 


there are other differences in these two groups. In the second group, for 
instance, the percentage of men, the percentage of left-sided pain, and the 
percentage of what has been called “pre-operative spontaneous hypesthesia”’ 
seem to be higher than in the first group. The third, rather heterogeneous 
group seems to differ from the first two groups in regard to etiology, as indi- 
cated by the results of the treatment. 

All patients except one were suffering from pain at the time of admission 
to the neurosurgical department. More than half of the patients had been 
treated previously with alcohol, exeresis, or electrocoagulation of the periph- 
eral branches of the trigeminal nerve. Consequently some of the patients 
presented slight hypesthesia following this treatment, but other patients had 
“pre-operative spontaneous hypesthesia,”’ i.e. slight hypesthesia in some part 
or another of the face, which was not caused by previous treatment. Two 
patients had been treated previously by partial trigeminotomy. 

The patients in the first two groups were selected in no special way for 
operation. Practically all patients suffering from trigeminal neuralgia admit- 


ted to the neurosurgical departments in Copenhagen within the last 23 years 
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have been treated by decompression. The diagnosis in some cases may be 
difficult, and perhaps it has been wrong in some few cases in this series. 
TECHNIQUE 
The patients in this series have been treated in three different ways: 
(1) by temporal-intradural approach, (2) by temporal-extradural approach, 
and (3) by cerebellar-intradural approach. Most of the patients have been 
operated on by the author, some of them by other surgeons. 


The temporal-intradural approach has been the standard method. Local anesthesia 
is used, usually with some Pentothal. The patients are placed on the back in a hor- 
izontal position with the head turned to the side. No hypotensive drugs are used and 
no lumbar puncture is performed. 

The operation is performed through a vertical incision in the temporal region 
reaching the zygomatic arch and a small triangular craniectomy, about 13” X13", 
just above the base of the skull, the temporal vessels being ligated and the soft tis- 
sues drawn apart with a self-retaining retractor. For a time the foramen spinosum 
was plugged extradurally, but now the author feels that the bleeding is about the 
same during the opening of the cavum Meckelii without this procedure, and in the 
last some 40 cases the foramen has not been plugged. 

The dura mater is opened by a T-shaped incision and the wings of the cut dura 
mater are fixed to the muscle with a couple of stay sutures. The surface of the brain 
is covered by pieces of cotton and the temporal lobe is elevated from the base of the 
skull with a ribbon retractor. At the same time the head is lowered. Generally the 
veins running from the temporal lobe to the dura mater can be avoided, but in 20 
cases in this series it has been necessary to cut one or more of the veins, which in no 
instance caused any postoperative complications. 

The dura mater in the middle fossa is palpated with a forceps. Posteriorly the 
tentorium feels soft, and just in front of this the superior petrosal sinus is seen at the 
edge of the petrous part of the temporal bone. In some cases the superior petrosal 
sinus is very small and difficult to observe. The cavum Meckelii usually can be very 
easily located as the most lateral part of the middle fossa where the dura mater is 
not tightly bound to the base of the skull but soft and yielding to the palpating 
instrument—just in front of the superior petrosal sinus. 

With a sharp knife and scissors the dural roof of the cavum is opened widely. 
Care must be taken not to injure the root-fibres and not to incise the cavernous 
sinus, which is directly medial to the cavum. If this happens, the lesion of the sinus 
may be plugged with gel-foam. The incision over the cavum is continued posteriorly 
above the trigeminal root through the superior petrosal sinus, which is divided be- 
tween clips. For this purpose special scissors and clips-forceps are used, called Olive- 
crona’s tentorium scissors and clips-forceps.* The bleeding from the sinus in some 
cases may be difficult to control, but diathermy should not be used. The diatherm is 
practically never used by the author at the base of the skull during this operation, 
as he feels it is important not to do so. There have been two cases of facial palsy 
following the use of diathermy in this region. 

In most cases the tentorium then has been divided to its free edge, but attention 
must here be drawn to the trochlear nerve, which lies close upon the free edge of the 
tentorium and disappears into it just behind the superior petrosal sinus. Therefore, 


* Made in Sweden by Stille. 
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the incision through the tentorium just behind the sinus should be made in a direc- 
tion that is posterior and a little lateral for some centimetres and then turned me- 
dially to the edge. Even a very slight pull upon the nerve may cause a trochlear palsy. 

At a re-operation upon one of the patients, who had recurrence after a decom- 
pression of the trigeminal root, it was found that the posterior angle of the tentorial 
incision, which in this case had not been continued to the free edge of the tentorium, 
had retracted in a forward direction since the first operation, and now was pressing 
upon the trigeminal root. The incision then was enlarged to the free edge, and the 
patient was free from pain. Therefore, as far as the author can see, an important 
advantage of the intradural approach is that one can cut the tentorium and in this 
way perhaps diminish the risk of recurrence. By the extradural approach it is diffi- 
cult to cut back farther than the sinus. The author also feels that visualization is 
better by the intradural method, and that bleeding is less and more easily controlled. 
However, he has only seen the extradural approach used by others and has never 
tried it himself. 

The temporal-extradural approach in many clinics has been the method of choice, 
but in this series it was used in only one patient. As in the Frazier‘ operation, the 
dura mater was stripped from the base of the skull to the middle meningeal artery, 
which was cut. The dura mater covering the trigeminal ganglion and the root was 
incised to the superior petrosal sinus, which was divided between clips. The dura 
mater between the root and the brain was incised just in front of the sinus in order 
to place the clips at the sinus. 

The cerebellar-intradural approach. In some patients with trigeminal neuralgia in 
this series, suspected to have tumors in the cerebellopontine angle, a cerebellar ap- 
proach was performed, but no tumor was found. The approach was the same as 
Dandy? used for trigeminotomy. An attempt then was made to cut the superior 
petrosal sinus and to perform a decompression of the trigeminal root by this ap- 
proach, but it appeared to be very difficult and dangerous and did not succeed. A 
hook then was put into the porus trigemini—i.e. the opening where the root leaves 
the cavum Meckelii—and an attempt was made to enlarge the porus a little in dif- 
ferent directions in order to free the root from possible adhesions. Although no real 
decompression was performed in the 5 patients treated in this way, they were all 
free from pain after the operation, and the sensibility was normal. 


Re-operations have been performed in 5 patients with recurrence of pain. 
At the first two re-operations the root was cut. The third case was the one 
mentioned above, in which the posterior angle of an incomplete tentorial in- 
cision was seen to press upon the trigeminal root. Consequently a better de- 
compression was made. At the last two re-operations no explanation of the 
recurrence of pain was found. The root was covered by a thin new-formed 
membrane and surrounded by liquor from the neighbouring cistern. A new 
decompression was made with special care of the lateral part of the root in 
the porus trigemini. Postoperatively the patients became free from pain. 


RESULTS 


Typical and Atypical Trigeminal Neuralgia. In one patient (Table 2) the 
operation had no or very little effect. On recovery from anesthesia 7 patients 
for few days had some pain similar to the pre-operative pain. This happened 
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TABLE 2 




















Results 
Typical Atypical Atypical 
Trigeminal Trigeminal Facial 
Neuralgia Neuralgia Pain 
Number of patients (76) 43 27 6 
Type of operation: 
Temporal-intradural (70) 42 22 6 
Temporal-extradural (1) 1 
Cerebellar (5) 1 4 
Follow-up after operation 3-27 mos. 1-21 mos. 11-20 mos. 
Average follow-up 13 mos. 9 mos. 14 mos. 
No effect 1 3 
Recurrences $ 3 2 
Few minor attacks 3 4 
Some uncharacteristic pain 3 4 
No pain 33 15 1 
Re-operation with trigeminotomy 1 1 
Re-operation with decompression 2 1 





especially in the early cases of the series, in which the operations occasionally 
were troublesome and some contusion of the root may have occurred. 

The remainder of the patients with trigeminal neuralgia were free from 
pain on recovery from anesthesia. Nine of the 17 patients with‘pre-operative 
spontaneous hypesthesia”’ had normal sensation in the previously hypesthet- 
ic area after the operation, which may indicate that the “spontaneous hy- 
pesthesia” and perhaps the neuralgia had been caused by a slight compres- 
sion of the trigeminal root. 

At follow-up, which still is short, 4 patients have presented real recur- 
rences of tic pain, usually with the same localization as pre-operatively, so 
that a re-operation was needed. The recurrences in these 4 cases arose 9 
months, 9 months, 5 months, and 2 weeks after the first operation. Three 
patients have had a partial recurrence of pain 18 months, 2 months, and 2 
days after the operation, but in 2 of these cases pain soon disappeared again. 
Some patients have had a few minor attacks of tic pain, but no further treat- 
ment has been necessary. Some other patients have presented uncharacter- 
istic pain and sensations in the face, but only one needed treatment (vitamin 
By). 

Atypical Facial Pain. The decompression of the trigeminal root was de- 
veloped as a treatment for trigeminal neuralgia. For another group of pa- 
tients, those with atypical facial pain, no satisfactory treatment is available. 
It therefore was felt reasonable to try decompression of the trigeminal root 
in some of these patients. The results, however, were disappointing in nearly 
all cases. In some of them the operation, just as many other kinds of treat- 
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ment in these patients, brought about a temporary release, after which the 
pain recurred. Only one patient with atypical facial pain in this series—and 
recently one more—were relieved of pain. Both were young women who pre- 
sented what is usually termed supra- and/or infra-orbital neuralgia, i.e., a 
constant burning pain localized on one or both sides to the areas of the supra- 
and infra-orbital nerves with local tenderness of the nerves. The first of these 
patients, who was operated upon 1 year ago, had pain on both sides, and both 
sides were decompressed, since previously alcohol injections in the nerves 
had had good effect for some time. These are the only 2 patients with supra- 
and infra-orbital neuralgia who were treated by decompression. Another 
patient in this group had probably a zoster neuralgia. He was the only elderly 
person in this group. 





COMPLICATIONS 

Usually the patients stand the operation well. In most cases they are sit- 
ting up in bed the day after operation, and on the third day they are out of 
bed. 

In 2 patients auricular fibrillation developed postoperatively ; it was con- 
trolled by digitalis. These were the only severe postoperative complications 
pertaining to the general condition of the patients. 

The most common complication has been severe headache for some time. 
Another common complication has been palsy of the trochlear nerve, which 
occurred in 15 patients. In by far the greatest number of these the palsy dis- 
appeared after a couple of months; in some cases it persisted for more than 
half a vear before receding, and in a couple of cases it has remained station- 
ary. 

The patient operated upon by the extradural approach presented a post- 
operative trigeminal anesthesia which disappeared within some time. Four 
more patients have shown some hypesthesia after the operation. 

In 2 cases in which diathermy had been used at the base of the skull there 
was a transitory palsy of the facial nerve. 

In 1 patient a transitory aphasia developed. He had been operated upon 
several years earlier with partial trigeminotomy by an extradural temporal 
approach. He then had recurrence of his tic pain and a decompression by the 
intradural approach was performed. The temporal lobe was markedly adher- 
ent to the dura mater at the base of the skull, and some contusion of the lobe 
was unavoidable. This case shows that even an extradural approach may 
cause subdural adhesions from contusion of the temporal lobe. It is therefore 
doubted by the author that the extradural approach is more safe than the 
intradural, as has been suggested by others. Finally one patient had slight 
paraphasia for some days; no veins passing from the temporal lobe to the 
base of the skull had been cut in this case. 


SUMMARY 


Further experiences with decompression of the trigeminal root are pre- 
sented together with some remarks on the surgical technique. 
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THE INCREASING IMPORTANCE OF LUNG CANCER 
AS RELATED TO METASTATIC BRAIN TUMORS 


EDWIN M. KNIGHTS, Jr., M.D. 
Henry Ford Hospital, Detroit, Michigan 


(Received for publication January 18, 1954) 


HE importance of careful survey of the lungs in patients with symptoms 
of cerebral neoplasm has long been recognized. Concomitant involve- 
ment of the lungs and brain by tumors metastasizing from other organs 
is, of course, a very frequent occurrence, and primary lung tumors are well 
known for their tendency to metastasize early to the brain.4:7:5:10:11,16,21,22,24,2 
In view of the findings of many investigators that bronchogenic carci- 
noma has been undergoing an absolute increase in frequency,!:?:4-® 8912-14, 
15,17—-19,23,26,28.29 4 survey has been made of autopsies and surgical specimens at 
Henry Ford Hospital during a 26-year period ending in 1953 in an attempt 
to determine whether any significant changes occurred in the relative im- 
portance of lung cancer as a primary site of metastatic cancer in the brain. 
Approximately 6900 autopsies were reviewed in this study, and only tumors 
whose identities were established by histological examination were included 
in this series. 
FINDINGS 
There were 102 metastatic brain tumors, 64 occurring in males and 38 in 
females. The distribution of primary sites in males and females is shown in 
Figs. 1 and 2. The most common primary site in males was lung, accounting 
for 21 of the 64 cases. No other cancer approached lung tumors in impor- 
tance. In females, the findings differed somewhat. Nineteen of the 38 metas- 
tases, or exactly half, had originated in the breast, while lung cancer (4 
cases) was next in frequency. It should not be overlooked, however, that 33 
other varieties of cancer involved the brain, either by metastases or, occa- 
sionally, by direct extension. 
A study of the percentage of all autopsies showing primary cancer of the 
lung over the 25-vear period from 1928 to 1953 gave the following findings: 


1928 to 1933 0.7 per cent 
1933 to 1938 os * 
1938 to 1943 =: 
1943 to 1948 2. > | 
1948 to 1953 22 |S 


When the percentage of pulmonary cancer in males alone was compared 
with the percentage of all cancer found in males during the same period, the 
increase was even more striking: 


1928 to 1933 5.6 per cent 
1933 to 1938 iia 
1938 to 1943 > 
1943 to 1948 m2" * 
1948 to 1953 “aC «CS 
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Fic. 2. Primary sites of 38 metastatic brain 





tumors in males. tumors in females. 


While there was also an increase in cases of neoplasms of the breast autop- 
sied during this period, there was not the same relative increase in proportion 
to other tumors in the female as was shown by lung cancer in the male, and 
the increase was more in line with the over-all increase in autopsies in cases 
of carcinoma of all types. Statistics over the same 25-year period revealed 
the following rise in percentage of breast cancer found in all autopsies: 


1928 to 1933 1.1 per cent 


1933 to 1938 Ma * 
1938 to 1943 ae * 
1943 to 1948 a. * 
1948 to 1953 a 


Figs. 3 and 4 demonstrate how frequently there was primary or secondary 
involvement of the lungs by cancer associated with metastatic brain tumors. 
In males, in whom 64 metastatic brain tumors were found, 21 cases of pri- 
mary lung cancer, plus 28 cases of secondary metastatic lung involvement re- 
sulted in lung lesions in 77 per cent of the cases. Of the 38 females, among 
whom there were only 4 primary lung cancers, 24 had metastases to the lung, 
so that the lungs contained cancer in nearly 74 per cent of the cases. 

Primary lung cancer was found to have metastasized to the brain in 55 
per cent of the cases in which a study of the cranial cavity was permitted. 
The metastasizing cell types included 9 undifferentiated carcinomas, 7 squa- 
mous cell carcinomas, 7 adenocarcinomas, | alveolar cell carcinoma, and 1 of 
undetermined type. 

The great majority of the metastases were multiple, often tending to 
lodge in the subcortical area, as was found by Rich?’ and Baker.* As Willis?’ 
pointed out, the frequency of growths in this situation can probably be at- 
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Fig. 3. Relationship of lungs to metastatic 
brain tumors in males. Squares: primary lung 
cancer which metastasized to brain. Circles: 
secondary cancers which involved lungs and 


Fic. 4. Relationship of lungs to metastatic 
brain tumors in females. Squares: primary lung 
cancer which metastasized to brain. Circles: sec. 
ondary cancers which involved lungs and brain 


brain. 

tributed to the rich vascularity of the cortical gray matter and to the arrange- 
ment and caliber of vessels in this zone. Three solitary metastases occurred 
1 adenocarcinoma, 1 squamous cell, and 1 undifferentiated carcinoma. 





CONCLUSIONS 

Pulmonary carcinoma, which very definitely seems to be undergoing an 
absolute increase in frequency, accounted for almost one-fourth of the meta- 
static tumors of the brain in this series, and must be given very serious con- 
sideration in attempting to locate the primary site of a metastatic lesion. 
Carcinoma of the breast, however, is the most frequent primary site in fe- 
males, and accounted for exactly half of the metastases in the females in this 
series. The necessity of careful study of the lungs in patients showing symp- 
toms of cerebral tumors was further emphasized by the finding of either pri- 
mary or secondary cancer in the lungs of 77 of the 102 patients. 
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CASE REPORTS 


LIPOMA PRODUCING A LESION OF THE DEEP BRANCH 
OF THE RADIAL NERVE 


CASE REPORT 
CHARLEs S. CAMPBELL, M.D.,* anp Rosert F. Wutr, M.D. 
Salem, Oregon 


(Received for publication October 21, 1953) 


Nontraumatic lesions of the deep branch of the radial nerve in the forearm are 
apparently not common and have seldom been reported.” A case exhibiting damage 
to the deep branch of the radial nerve, } caused by pressure of a lipoma on the nerve 
in its course in the supinator muscle of the forearm, is herewith presented. 


CASE REPORT 


A single white female, aged 40, who was a church worker, complained of noticing a lump 
at the outer side of the left forearm 3 months before admission. At about the same time she 
noticed that she could not use the left index finger properly, and after several weeks she 
noticed that the finger would not extend completely. There was no unusual sensation in the 
finger except “a little numbness.” She had some intermittent pain in the front and back of 
the upper arm, and she thought she could bring on this pain by pressure over the lump in 
the forearm. 

She had suffered from chronic back pain for years and had an x-ray abnormality in the 
3rd lumbar vertebra which was thought to be congenital, perhaps a hemangioma. Her 
family history was noncontributory. 

Examination. Positive neurological findings were limited to the left arm. The index finger 
and the thumb could not be completely extended (Fig. 1). There was a deep swelling on the 
forearm in the general area of the supinator muscle. This swelling was soft on palpation and 
not readily movable. There seemed to be some weakness of the dorsiflexors of the wrist 
(extensor digitorum communis muscle). The wrist drop test and the brachioradialis test® 
gave a normal response, indicating that there was no lesion of the radial nerve above the 
forearm. Careful study for sensory changes showed only equivocal decrease in sensitivity to 
light touch, pain, and pressure over a small area at the dorsum of the metacarpophalangeal 
joint of the index finger. 

The neurological findings indicated a lesion of the deep branch of the radial nerve. This 
nerve supplies the following muscles: extensor digitorum communis, extensor digiti quinti 
and extensor carpi ulnaris. At a more distal level it gives branches to the abductor pollicis 
longus, extensor pollicis longus, extensor pollicis brevis, and extensor indicis proprius.! 

Operation. The tumor was exposed through a vertical incision 4 inches long, just to the 
ulnar side of the brachioradialis muscle, which was retracted laterally, exposing the super- 
ficial branch of the radial nerve. The vessels in this area supplying the brachioradialis muscle 
were divided and ligated to further expose the supinator muscle and the common radial 


* 1280 Center Street, Salem, Oregon. 
+ Properly termed: ramus profundus nervi radialis (O.T. posterior interosseous nerve) or often called 
dorsal interosseous branch. 
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nerve, showing its superficial branch and its deep branch. The deep branch was then fol- 
lowed distally to where it perforated the supinator muscle. The nerve was retracted laterally, 
and the upper, thinned-out, atrophic fibers of the supinator muscle were incised to expose 
the lipoma located beneath it. The lipoma extended laterally around the outer aspect of the 
head of the radius, forcing the deep branch of the radial nerve anteriorly and laterally. 

The tumor was thought to have arisen near the periosteum of the ulnar aspect of the 
radius or the interosseous membrane. 

Microscopically it was a typical lipoma. 

Course. The surgical wound healed by primary intention. At the time of this writing a 
sufficient period has not elapsed for recovery of nerve function. 


SUMMARY 


A case is described of a lipoma producing paralysis of the deep branch of the radi- 
al nerve. 
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BRAIN ABSCESS CAUSED BY NOCARDIA ASTEROIDES 


Oscar A. TurNER, M.D. 
Department of Neurological Surgery, Youngstown Hospital Association, Youngstown, Ohio 


(Received for publication November 5, 1953) 


Although as late as 1945! infections of the central nervous system with Nocardia 
asteroides were considered rare, an increasing number of cases both of metastatic 
involvement from pulmonary disease® and occasionally of primary infections? are 
being reported. This is of interest to the neurosurgeon since brain abscess is said to 
be a complication in from one-third to one-half of the cases in which the primary in- 
fection is in the lung.’ As in Actinomyces bovis almost any part of the body may 
be involved, but Stevens‘ in the most recent review of the subject pointed out that 
Nocardia, while rare, is more virulent, spreads by the hematogenous route, and is 
more likely to involve the central nervous system. 

Only occasional cures of brain abscess have been reported. The organism is a 
Gram positive aerobic fungus which is generally considered to have some sensitivity 
to the sulfonamides, but a considerable variability exists in individual cases in the 
response both to the sulfonamides and antibiotics. With the use of chemotherapy 
and antibiotics as an adjunct to surgery, it seems worthwhile to record additional 
experiences. 


CASE REPORTS 


Case 1. A 15-year-old boy was first admitted on Oct. 6, 1950. Two weeks previously, his 
left arm and leg had suddenly become numb and his left leg would not support his weight. 
These symptoms lasted only a few hours, but were followed by frontal headache, more severe 
on the right. The headaches became increasingly severe and 4 days after onset he had epi- 
sodes of vomiting, lethargy, and drowsiness. Intermittent diplopia developed, and 2 days 
before admission he had his first generalized convulsive seizure. 

Past history was not remarkable; he had been in good health with no history of ear infec- 
tion or pulmonary disease. He was right-handed. 

Examination. Temperature was 97.6, respiratory rate 18 per min., pulse 64 per min., and 
B.P. 108/70. He was well nourished but so drowsy that at times it was difficult to obtain any 
verbal response. He had bilateral papilledema of the optic disc of 3 D. on the right and about 
1 D. on the left. There were fine nystagmoid movements on lateral gaze, and definite weak- 
ness of the right internal rectus muscle with difficulty in fixing the eyes in full adduction. He 
had a mild left hemiparesis, greater in the lower extremity. Movements of the left upper ex- 
tremity were extremely awkward and in the finger-to-nose test he had considerable dysmetria. 
There was unsustained ankle clonus on the left and a marked Babinski sign. Severe nuchal 
rigidity was present. The sensory disturbance was that of a hypesthesia which involved the 
entire left side of the body including the face. 

X-rays of the skull revealed no significant abnormality. X-rays of the chest disclosed a few 
minute calcifications in the upper third of the right lung with no evidence of active disease. 
Urinalysis was normal. He had a mild leukocytosis and the blood serology was negative. 

Operation. On the day after admission ventriculography was done and a large abscess 
cavity in the right parietal region was entered at a depth of 4 cm. Twenty cc. of greenish- 
yellow pus were removed and 8 cc. of pantopaque introduced before withdrawal of the needle. 
A small bone flap was reflected in the right superior parietal region. The exposed brain had 
some pallor but was not otherwise unusual. A thick-walled abscess was easily enucleated 
through an incision in the cortex, the adjacent brain being relatively avascular (Fig. 1). 

Course. The drains were removed in 24 hours, and the wound healed well without evidence 
of infection. He continued to have increased intracranial pressure and on Oct. 21, 1950, 2 
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weeks after operation, the spinal fluid pres- 
sure was still between 300 and 400 mm. of 
water. At the time of discharge from the 
hospital on Nov. 8, 1950, there was still 
mild papilledema and the bone flap was 
slightly elevated. 

Bacteriological Studies. A stain of the 
pus obtained at operation disclosed a very 
occasional Gram positive small bacillus but 
no other organism. The culture was sterile 
for bacterial growth but a fungus grew out 
on incubation at room temperature. An 
acid-fast stain of the pus disclosed no tu- 
bercle organism. The fungus isolated from 
the culture was sent to Dr. David T. Smith 
at Duke University and was reported as 
Nocardia asteroides. At the suggestion of 
Dr. Smith, sulfamerazine therapy was 
started with blood levels maintained be- 
tween 14 and 18 mg. per cent. 

Pathological Report. The abscess meas- Fic. 1. Case 1. Photograph of abscess and at- 
ured 4.5 cm. in diameter and had a thick, tached segment of overlying cortex removed at op- 
well formed capsule (Fig. 1). The wall of — eration. 
the abscess was composed mainly of ma- 
ture fibrous tissue with areas showing various stages of organization of fibroblasts and capil- 
laries. There were numerous foci of acute inflammation outside of the wall, these being com- 
posed of neutrophilic leukocytes, and some lymphocytes and plasma cells (Fig. 2). 

Course. The patient continued to show evidence of infection, with progressive papill- 
edema, episodes of numbness and tingling of the entire right side of the body, and finally 
spontaneous vomiting. 

2nd Admission, Nov. 18, 1950. Pneumoencephalography was done with the introduction 
of 60 ce. of filtered helium. The right ventricle was quite small, with the gas confined to the 
posterior portion of the body and temporal horn. The left ventricle showed good filling with 
no significant distortion of the midline structures. At this time the spinal fluid pressure was 
385 mm. of water, and the fluid was quite clear and colorless. 

3rd Admission, Dec. 20, 1950. There was papilledema of from 4 to 5 D. with numerous 
retinal hemorrhages in both fundi. He had slight facial weakness on the right, a fanning re- 
sponse on plantar stimulation on the right, and the bone flap was elevated more than it had 
been. 

Aspiration through one of the previously placed trephine openings yielded 4-5 cc. of pus 
and on Dec. 23, 1950, the bone flap was removed. The dura mater was opened, with exposure 
of a large abscess which had formed in the cavity from which the previously encapsulated 
abscess had been removed. There was no definite capsule, and drainage was established 
through a stab-wound in the scalp. 

Up to this time the patient had been receiving sulfamerazine, maintaining a blood level 
of from 10-11 mg. per cent. Because of lack of response, the medication was changed to sul- 
fadiazine in large amounts, with a blood level which reached 20 mg. per cent on one occasion. 

On Jan. 2, 1951, there was seen the first evidence of spread of the infection with the devel- 
opment of progessive lymphadenopathy in the cervical region. The wound, which had been 
healing well, began to break down and multiple sinuses appeared along the suture line. The 
dissolution of the suture line was progressive with the development of a large cerebral fungus. 
Mycelia could be identified in smears from the surface of the protruding granulomatous mass 
Aspiration of the cerebral fungus again localized an abscess. 

4th Admission, Jan. 20, 1951. The granulation tissue over the abscess was incised with the 
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Fig. 2. Case 1. Photomicrograph showing details of inflammatory process in 
outer layers of abscess wall and adherent tissues. 


electrosurgical unit and the abscess cavity was again drained and packed with sulfathiazole 
powder. He was now receiving sulfathiazole as well as potassium iodide. Nocardia asteroides 
was again grown from the pus and tests showed a possible sensitivity to aureomycin and 
terramycin. He was discharged from the hospital receiving terramycin, 500 mg. 4 times a day. 

Course. The patient was seen at frequent intervals. Several lumbar punctures were done, 
with intraspinal pressures recorded as high as 500 mm. of water. The fluid was yellow and on 
occasions the pleocytosis reached between 2,000 and 3,000 cells, of which approximately 70 
per cent were polymorphonuclear leukocytes. 

5th Admission, Mar. 26, 1951. At this time he had nuchal rigidity, headache and eleva- 
tion of temperature. It seemed likely that most of the hemisphere was the site of a chronic 
granulomatous infection. The patient expired on Apr. 9, 1951. 

Autopsy. Gross findings. The significant findings were chronic granulomatous meningo- 
encephalitis with abscess formation in the right parieto-occipital area. There was no evidence 
of specific inflammatory disease in the lungs, and the other organs were essentially normal. 

There was marked herniation of brain through the operative site with adhesions between 
the fungating cerebral tissue, the scalp, and the edge of the bone defect. The base of the 
brain was covered with an abundant translucent greenish-yellow gelatinous exudate and a 
marked pressure cone involved the tonsils of the cerebellum and the brain stem. There was a 
purulent ependymitis which had extended to involve the right temporal lobe, where an area of 
inflammatory softening and cystic degeneration communicated with the inferior portion 
of the right temporal horn. Sections through the site of the fungus disclosed hemorrhagic 
tissue which was in places bright yellow and in other areas brown and somewhat glassy in 
appearance. The area of inflammation extended medially to compress the posterior portion 
of the body of the ventricle and measured about 7 cm. X5 em. (Fig. 3). 

Microscopic examination disclosed a diffuse meningitis which was most severe at the base 
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Fic. 3. Case 1. Cut section of brain showing character and extent of the inflammatory process. 
Note involvement of the structures about the 4th ventricle. 


of the brain and over the area of cerebral fungus. The infiltrate was composed of lymphocytic 
cells, particularly plasma cells and monocytes, many of which were distended and some of 
which contained punctate basophilic masses. In some areas polymorphonuclear leukocytes 
were present. 

While the most severe reaction was in the area of abscess formation and about the base of 
the brain, the suppurative process had extended to involve the ependymal lining of the ven- 
tricles, the subependymal tissues and the choroid plexus. There were compact masses of in- 
flammatory cells forming foci closely resembling tubercles. These foci contained a core of 
distended histiocytes and monocytic cells with a surrounding area of lymphocytes and plasma 
cells. The perivascular infiltration was particularly evident in the subependymal tissues. 
Areas of necrosis, hemorrhages and inflammation were evident in the subcortical tissues. 

The lungs showed some evidence of a nonspecific inflammatory process while the remain- 
ing organs were normal. 


Comment. In this case therapy with antibiotics and sulfonamides proved to be 
totally ineffective. Penicillin, terramycin, sulfamerazine, sulfadiazine, and sulfa- 
diazole were used with adequate blood levels. 

It is of interest that spinal fluid smears and cultures taken as late as 4 days prior 
to the patient’s death were sterile and failed to reveal any filamentous structure. 
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Blood cultures on three separate occasions were sterile and throat cultures grew out 
only a hemolytic Staphylococcus albus. On almost every occasion smear of the pus 
showed mycelia and at no time did the cultures give rise to any bacterial growth. 

Autopsy failed to disclose a primary source for the infection other than the nerv- 
ous system, although there was local lymphatic spread terminally from involvement 
of the scalp. The removal of a well encapsulated abscess at the first operation had 
suggested a good prognosis but the course of the illness thereafter was indicative of 
progressive involvement by the organism, a course that was never influenced by 
chemotherapy or antibiotics. 


Case 2. A 31-year-old man was admitted on Dec. 16, 1952, with occipital headache of 2 
weeks’ duration. There had been some soreness about the right eye, but no visual disturbance 
and examination by an optometrist was said to have disclosed no abnormality. Three to four 
days before admission he began to suffer drowsiness, increasingly severe headache, and 
vomiting. At this time a mild upper respiratory infection with slight elevation of temperature 
had been treated with aureomycin. There was a vague history of convulsive movements of 
one side of the body but no history of muscular weakness, sensory disturbance, or speech dis- 
order. The patient was right-handed. 

The only past history was that of chest pain associated with a pleural effusion 1 year pre- 
viously but no details concerning this illness were available. He also had had a furuncle of 
the neck. 

Examination. The patient was extremely lethargic, but able to cooperate to a fair degree. 
B.P. in the right arm was 120/80, pulse rate 52 per min., and respirations 20 per min. There 
was 1 D. of papilledema of the right optic disc, and the disc margin on the left was blurred. 
There was minimal weakness of the facial musculature on the left. Babinski response was 
positive bilaterally. He had slight tenderness on percussion in the right frontal area. The 
neck was supple and there was no muscular weakness or sensory disturbance. During examina- 
tion the patient vomited several times and had occasional hiccoughs. Laboratory studies re- 
vealed only a mild leukocytosis while x-rays of the skull and chest were normal in appear- 
ance. 

Lumbar puncture revealed clear, colorless fluid, with an initial pressure of 400 mm. of 
water. The fluid contained 1 cell and gave a 1+ Pandy reaction, insufficient fluid having been 
removed for quantitative protein determination. 

Course. Within a few hours after examination the patient’s condition began to deteriorate 
rapidly. He became totally unresponsive and respiratory irregularity developed. Ventricular 
puncture was attempted through occipital trephines, but the right ventricle could not be 
entered. A small amount of air in the left ventricle showed the system to be shifted to the left. 
During the operative procedure respiratory arrest developed and he expired within a short time. 

Autopsy. Gross findings. The cerebral convolutions were flattened and there was evident 
softening of the right frontal region. Upon removal of the brain the right frontal cortex rup- 
tured, exuding considerable yellow creamy pus. There was no gross reaction in the lepto- 
meninges over this abscess. 

Section of the brain revealed multiple abscesses in the right frontal lobe. The largest meas- 
ured 3 cm. in diameter; it seemed to have a moderately well developed capsule. Surrounding 
it were three smaller abscesses, the largest of which measured 0.7 em. in diameter. The total 
area involved by the inflammatory process measured approximately 4.5-5 cm. in diameter. 
There was hemorrhage in the right internal capsule, midbrain, and lower pons, with punctate 
hemorrhages in the cerebellar peduncles. 

Examination of the lungs disclosed a relatively small fibrotic area which involved the 
pleura and parenchyma of the right apex. There was slight enlargement of the peribronchial 
and mediastinal lymph nodes. The remaining organs appeared normal except for some pas- 
sive hyperemia. 

Microscopic findings. The largest brain abscess had a poorly formed, almost nonexistent 
capsule, the wall of which was formed by a narrow band of moderately compressed cerebral 
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tissues sparsely infiltrated by polymorphonuclear leukocytes and lymphocytic cells. In this 
area capillaries were numerous and the appearance was that of a granulomatous type of 
inflammation with plasma cells predominating. 

At some distance from the abscess there were scattered discrete foci of exudate and 
infiltration suggesting multiple abscesses in various stages of formation. The pia arachnoid 
over the abscess showed acute inflammatory response with some thickening and infiltration. 
There were scattered areas of encephalomalacia and edema but no evidence of a diffuse in- 
flammatory process throughout the brain. Special stains failed to reveal any tubercle bacilli 
and no mycelia could be identified. 

Sections through the lung tissue in the right apex showed thickening of the pleural 
surface with dense fibrous tissue containing foci of lymphocytic accumulations. Beneath the 
pleural surface were large clusters of lymphocytic cells, may of these containing a central 
area of epithelioid cells surrounded by fibrillar material. These tubercle-like formations were 
widespread beneath the fibrotic pleura and present in the parenchyma at some distance from 
the pleural surface itself. No giant cells were seen and acid-fast stains failed to reveal tubercle 
organisms or fungi. The histologic changes in the lungs were those of a granulomatous in- 
flammation of the right apex associated with hyperplasia of the bronchial epithelium and un- 
resolved pneumonitis. Proliferative arteritis and focal fibrosis were also present. 

Histologic examination of the remaining organs of the body disclosed no significant ab- 
normality. 

Material taken from the abscess at the time of autopsy and cultured for tubercle bacilli 
revealed within 1 week a pure growth of Nocardia asteroides. 


Comment. Although the patient expired before any therapy could be established, 
this case represents the most frequent complication of pulmonary involvement. It 
is of interest in that the local pulmonary lesion was relatively silent other than one 
episode of pleural effusion 1 year before the cerebral manifestations occurred. 


DISCUSSION 


At the present time infections with Nocardia asteroides cannot be considered as 
rare and are being recognized as an entity somewhat apart from the more frequently 
encountered actinomycosis caused by Actinomyces bovis. Adequate therapeutic 
measures for infection of the nervous system have not yet been established, and 
Stevens’ lists only 3 cases from the literature and 1 of his own as cures, 2 of these 
having had follow-up studies for only 7 months. 

There has been considerable individual variability in the response of the organ- 
ism to chemotherapy and antibiotics, and though the sulfonamides seem to have the 
best effect, this is neither constant nor adequate. 

While results of treatment in cases of infection with Actinomyces bovis seem to 
be improving to some degree, particularly when the infection is outside of the nerv- 
ous system, the prognosis for nocardiosis still remains poor. This despite the fact 
that histologically the tissue response to invasion by the two organisms is practically 
identical. It is of interest that in Case 1 the inflammatory process could be identified 
in the outer wall of the abscess and in the adherent tissue, despite the well-organized 
character and thickness of the capsule. Thus, while extension of the infection prob- 
ably occurred from spillage, it might well have been the result of direct extension. 


SUMMARY 


Two cases of brain abscess caused by Nocardia asteroides are reported, one of 
apparently primary origin, and the other secondary to pulmonary disease. 
In the first case surgical removal of the abscess in combination with the use of 
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sulfonamides and antibiotics failed to halt the spread of the infection, and death re- 
sulted from recurrent abscess formation and meningitis. In the second case death 
occurred before any definitive therapy could be instituted, and the abscess, which 
at autopsy was poorly localized and poorly encapsulated, proved to be of pulmonary 
origin. In this case both the pulmonary disease and the cerebral extension were quite 
insidious. 


I wish to acknowledge the kindness of Dr. David T. Smith, and Dr. Norman F. Conant, 
of Duke University, for their generous assistance in identifying the organism in the first case 
and for their suggestions in reference to therapy. 
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CEREBRAL PARAGONIMIASIS 
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(Received for publication November 14, 1953) 


Cerebral abscess caused by fluke infestation is a rare event outside the areas 
where these parasites are endemic. Though invasion of the brain by Schistosoma ja- 
ponicum is seen from time to time, and removal of these lesions has been reported 
by Shimidzu,’ Greenfield and Pritchard,*® and Speigel,® the related condition of 
paragonimiasis appears to be less frequently considered. Only a few reports of suc- 
cessful surgical removal of such a lesion were found in the literature. The first was 
by Kawai,’ who described the case of a native of Japan. A diagnosis of pulmonary 
infestation by Paragonimus westermanii had been made on clinical and radiological 
findings, when he presented signs of a cerebral lesion. Another case of successful re- 
moval was reported by Busch and Cooper.? Their patient was a Korean, and a pro- 
visional diagnosis of a cerebral glioma had been made. Mitsuno et al.* reported 3 
additional cases. The patients were Japanese children, 7, 93 and 14 years of age. Two 
(Cases 2 and 3) were still well 6 months after operation. The third (Case 1) made an 
excellent immediate recovery but died 3 months later from “‘meningitis”. A clinical 
diagnosis of brain tumor had been made in each instance. 

The present report concerns a merchant seaman whose clinical picture was sug- 
gestive of a frontal lobe abscess secondary to a frontal sinusitis. 


CASE REPORT 


C.Y.C., a Chinese seaman, was admitted on Oct. 25, 1952. Although his comprehension of 
English was limited it was apparent that he was confused and, at times, irrational. The dif- 
ficulties in obtaining a satisfactory history of his condition were thus considerable, and the 
information available from other sources at this time was limited. 
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Ten months previously he had undergone an operation for frontal sinusitis in Japan. He 
rejoined his ship, but during the last 3 or 4 months he again experienced frontal headaches 
and also complained of failing vision. While his ship was in Australian waters he again re- 
ported for treatment. Three weeks before his admission he was given intramuscular injections 
of penicillin and sulphonamides by mouth. No satisfactory remission of symptoms was ob- 
tained and 11 days later both frontal sinuses were again operated upon. The headaches be- 
came more severe and persistent, and vomiting had been frequent. He was admitted after 
being found in his room, lying beneath his bed in a confused state, with stiffness of the neck 
and fever. 

Examination. The patient was drowsy, but at times he would be reasonably co-operative. 
Some irritability, photophobia, and stiffness of the neck were manifest. Recent scars of frontal 
sinus operations were seen below the orbital margins on each side and two smaller barely 
visible transverse scars were found above the left supraorbital ridge. The temperature was 
elevated to 100.2°F., while the pulse rate was slow (64). No abnormality of the chest or 
abdomen was found. There was gross bilateral papilloedema. The right pupil was markedly 
dilated and showed no reaction to light; the left was moderately dilated and a slight reaction 
to light was obtained. On the right the eye was almost completely immobile, a little abduction 
being present. On the left side all movements were full except abduction. A partial left facial 
weakness of the upper motor neurone type was present, together with slight diminution in 
power of the left arm and leg. No abnormality of sensation was demonstrable and the deep 
and superficial reflexes were all active, though the left tendon reflexes appeared slightly 
diminished. Both plantar responses were flexor. 

A tentative diagnosis of a cerebral abscess in the right frontal lobe was made and the pa- 
tient was taken to the theatre for immediate operation. 

1st Operation. Under local anaesthesia burr holes were made in the right frontal and 
frontotemporal regions and the frontal lobe was explored with a brain needle. Although 
variations in the resistance to the needle could be felt, aspiration in a number of directions 
failed to produce any purulent material. Some cerebral tissue aspirated was smeared and 
stained, but no inflammatory elements were seen. The patient, never very co-operative, 
became very resistant to continuance of surgery under local anaesthesia and no further pro- 
cedures were carried out at this stage. 

Course. The following morning radiographs of the skull were obtained. These demon- 
strated a burr hole beneath the supra-orbital scar on the left side of the forehead, indicating 
that an attempt had been made to explore the left frontal region during the sinus operation 
that had been performed at least 10 months before. The frontal sinuses were irregularly 
opaque, but no definite evidence of osteomyelitis was seen. There was marked thinning of the 
posterior clinoid processes. 

An EEG was obtained. The record was of low voltage but in occipital and parietal regions 
a flat 8-10/sec. wave was discernible. In the frontal regions irregular 1-2/sec. activity was 
seen but lacked localising features. 

His condition remained unchanged and two days later ventriculography (Fig. 1) was 
performed. The radiographs revealed gross distortion of the lateral ventricles. The left frontal 
horn was large, while the right remained small and was displaced backwards and medially 
beneath the falx. The left lateral ventricle was generally larger than the right. The third ven- 
tricle lay about 0.75 cm. to the left of the midline. 

2nd Operation. Following ventriculography, the patient was intubated under Pentothal 
and Scoline. With intermittent Pentothal and mechanically controlled respiration a right 
frontal osteoplastic flap was elevated and a dural flap was turned medially. The exposed sur- 
face of the brain was yellowish in colour; the convolutions were flattened but there was no 
abnormal convolutional pattern. The brain was needled in a number of directions and firm 
rubbery tissue was found towards the inferior surface of the lobe. A disc of cortex was first 
excised from the lateral aspect of the frontal lobe; during this procedure a small loculated 
abscess cavity was opened up, and below it an irregularly lobulated granulomatous mass 
could be felt involving the greater part of the lateral and lower aspects of the frontal lobe. 
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Fic. 1. Ventriculogram showing displacement and compression of the 
frontal horn of the right lateral ventricle. 


Dissection around this mass was continued; on the lower and medial aspect another fluctuant 
mass was encountered and from this about 5 cc. of purulent material was aspirated and sent 





Fic. 2. Microphotograph of one of the many 


ova found in the interior and the walls of the gran- 
ulomatous mass. The operculated end, character- 


istic 


of the ovum of Paragonimus westermanii, is 


clearly seen. 


to the laboratories for examination. The 
smears of this material were found to con- 
tain ova which were recognized later as the 
ova of Paragonimus westermanii (Fig. 2). 
This last portion of the mass was dissected 
downwards where it passed under the 
frontal horn of the ventricle and was, in 
fact, adherent to it. As the mass appeared 
to extend posteriorly beneath the ventricle, 
it was felt reasonable, after complete aspira- 
tion of the contents, to leave this very 
small portion of the capsule in situ. All the 
remaining portions of the mass had, by this 
time, been completely excised. The rem- 
nants of the frontal lobe on the supero- 
medial aspect were then resected. Hae- 
mostasis was obtained without difficulty, 
the dura mater was closed and the osteo- 
plastic flap was replaced in the usual 
fashion. 

Course. During the early portion of his 
postoperative course the patient ran an ir- 
regular temperature. There was some 
mental confusion and apathy but the de- 
gree was difficult to assess against a back- 
ground of racial stolidity. 

The weakness of the left side of the face 
and of the left hand was increased during 
the first week after operation. The power 
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subsequently improved but a noticeable lack of spontaneous movement in the left limb 
remained, and he was occasionally incontinent. 

Three weeks after operation the patient was transferred to a convalescent hospital from 
which he returned for final review 3 weeks later. He was now much more alert and cheerful; 
though the left hemiparesis had improved further some weakness of the left hand and facial 
muscles persisted. He was then discharged for repatriation to his own country. Difficulties 
occurred and the delay provoked a psychotic outburst which necessitated certification. 

Following the recognition of the ovum at operation a search was made for involvement 
of other organs. Radiographs of the chest revealed no abnormality and examination of the 
small amount of sputum produced revealed no ova. A complete blood examination showed a 
moderate leucocytosis, but there was no increase in the number of eosinophil leucocytes. 
Specimens of urine and faeces were searched for ova; none was found in the urine but the 
operculated ovum of Paragonimus westermanii was found in one specimen of faeces. 

Further information of previous operations was obtained some time later. The frontal 
sinuses had apparently been subjected to two operations in the 2 years prior to his admission. 
On the first occasion purulent material had been obtained and at this time the cerebrospinal 
fluid pressure was high. An intracerebral abscess was suspected and the left frontal lobe 
was needled, but with negative results. Some months later a second frontal sinus operation 
was performed because a swelling had developed, first in the right orbit and then in the left. 
This information had not been available at the time of the frontal sinus operation in Mel- 
bourne when the frontal headache and the scars of a previous operation had suggested a recur- 
rent infection; again, no active inflammation was found. 


DISCUSSION 

Paragonimus infestation of the brain is considered to be uncommon, even in the 
areas where this condition is endemic. The discovery and surgical excision of such 
a lesion in a country far removed from that in which the parasite is common must 
be a rare event, but the main interest in the case described lay in the difficulties in 
differential diagnosis from frontal sinusitis and intracranial extension of infection. 

The geographical distribution of Paragonimus westermanii appears to be limited 
chiefly to China, Japan, Korea, Formosa and the Philippines. 

Infestation is particularly prevalent in Korea and it is not unlikely that some 
troops engaged in hostilities in this area may become infected and, at a much later 
date, present a similar problem. Manson-Bahr’ states that the disease occurred in 
some members of the U.S. Army engaged in the South Pacific during World War II. 
It seems probable that paragonimiasis must be added to schistosomiasis as the con- 
ditions most likely to cause intracranial involvement in those who have lived in the 
coastal areas of the West Pacific for some time. 

The recent deployment of large numbers of troops in Korea with ancillary medi- 
cal services has brought about more intimate knowledge of the clinical manifesta- 
tions of paragonimiasis. Epidemic haemoptysis, the common manifestation of this 
disease, was not infrequently found among prisoners of war. 

The following description of the parasite and the salient features in its life cycle 
are taken from Manson-Bahr: 


“The fluke, Paragonimus ringeri (westermanni), is reddish-brown, thick and fleshy, oval, 
and measures 8-20 mm. by 5-9mm. Development of the parasite proceeds in the fresh-water 
snail, Melania, and thereafter the larva, or metacercaria, encysts in several species of fresh- 
water crabs (Potamon) and crayfish. 

“Man is infected by eating raw or improperly cooked crabs, of which the Koreans are very 
fond, while the raw juice of crayfish is taken as a medicine for diarrhoea and whooping cough. 
The young parasites hatch in the ileum and in 24-42 hours penetrate the intestinal wall near 
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the jejunum, reach the peritoneal cavity, and make their way to the diaphragm by penetrat- 
ing the tendinous portion. Travelling beneath the pleura, the larvae reach and pierce the 


parenchyma of the lungs, where cysts are found. In other organs they do not reach perfect 
growth.” 


In the lungs the parasites form burrows or cysts of a reddish-brown colour, con- 
taining living or dead flukes together with pus in which are found ova and occasional 
Charcot-Leyden crystals. These cysts may ulcerate into a bronchus, causing haemop- 
tysis, or sputum which is reddish-brown in colour. 

Outside the lungs the flukes may become encapsulated and may even be de- 
stroyed. They incite an inflammatory reaction and the cavity containing the fluke 
may fill with purulent material which will also contain ova. Eventually the fluke 
dies but the cavity and the ova remain. This process may occur in the intestinal 
mucosa and here ulceration may occur so that the ova may later be found in the 
faeces. In the brain the process is the same,' and with the increasing inflammatory 
reaction and production of purulent material the lesion shows all the characteristics 
of a cerebral abscess. The route by which the parasite reaches the brain appears un- 
certain. Kawai,‘ citing Yokogawa,’ suggested that the route to the brain is largely 
through the loose connective tissue of the perivascular spaces. 

When such patients are seen outside endemic areas, presenting with cough, 
sputum and signs suggestive of an intracranial abscess, bronchiectasis with second- 
ary cerebral abscess may be suggested. When no pulmonary manifestations are pre- 
sented a cerebral glioma would probably be the tentative pre-operative diagnosis, as 
in the case reported by Busch and Cooper.’ In the case presented here, the evidence 
of previous frontal sinus operations naturally suggested these as a source of the 
cerebral abscess. 

Although cerebral manifestations of paragonimiasis are described in most text- 
books, the reports by Kawai,’ Busch and Cooper,? and Mitsuno et al.° appear to be 
the only papers describing surgical intervention and recovery from cerebral infesta- 
tion. All of their patients had suffered from epilepsy and it would seem probable that 
‘ases presenting in this manner amongst Asiatics will suggest infestation with 
Schistosoma japonicum rather than Paragonimus. 

The treatment of cerebral involvement would appear to be limited to those cases 
in which the patient has raised intracranial pressure. Apart from the ova, which 
merely provoke a foreign body reaction, the contents of the cysts or burrows are 
sterile. Even if some spilling of the contents does occur little harm would be done. 
Busch and Cooper? commented on the yellow colour of the brain, which was quite 
remarkable in the present case, and may be a point upon which diagnosis may be 
based. 
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BILATERAL CAROTID-CAVERNOUS FISTULA 
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Co.Lonet H. R. Osuerorr, M.C., U.S.A. 
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(Received for publication December 15, 1953) 


The carotid-cavernous fistula presents an intriguing clinical and pathological 
picture. The specific surgical treatment has been recognized since 1809, when Trav- 
ers cured a patient with pulsating exophthalmos by ipsilateral common carotid 
ligation. A cirsoid aneurysm of the orbit was thought to have been the etiological 
factor. In 1823 Guthrie‘ recorded the autopsy of a patient with pulsating exophthal- 
mos, who was found to have an aneurysm of the ophthalmic artery. Aneurysmal 
rupture within the cavernous sinus was described by Baron! in 1835. It was not until 
1856, when Nélaton® reported 2 cases of traumatic origin, that the more common 
etiology was disclosed. Fracture of the base of the skull with traumatic rupture of 
the carotid artery into the cavernous sinus produces increasing proptosis and even- 
tual ophthalmoplegia. The primitive trigeminal artery is the earliest communication 
between the carotid and basilar system.” An arteriovenous fistula, or an aneurysm, 
may originate from this site of origin as the vessel becomes a rudimentary structure. 

The popular form of therapy has been extracranial, carotid ligation on the af- 

fected side. Successful treatment by repeated, prolonged manual compression of the 
carotid artery has been reported in a few cases.? A surprising number of bilateral 
carotid ligations have been performed in cases in which unilateral occlusion had 
failed to reduce the pulsating exophthalmos.5 Hamby and Gardner*® reported the 
first successful intracranial ligation of the internal carotid artery in the treatment of 
carotid-cavernous fistula. This patient had an ipsilateral common carotid ligation 
and a subsequent contralateral, common carotid occlusion before a cure resulted. 

In this angiographic era, thorough planning of the surgical attack is made pos- 
sible by first visualizing the communicating channels. Jefferson’ has shown bilateral 
filling of the cavernous sinus with a single arteriovenous fistula. Ramos and Mount"! 
have demonstrated that the proptosis may be on the side opposite the fistula. A case 
of rupture of bilateral saccular intracavernous aneurysms was reported by Poppen.'® 
The following case illustrates bilateral carotid-cavernous fistulas of traumatic origin. 
Angiographic demonstration of this condition has not been recorded previously, so 
far as we are aware. The sequence of treatment was repeatedly dictated by angi- 
ography. 


CASE REPORT 


An 18-year-old Private sustained a head injury in a motorcycle accident on April 5, 1953. 
He was admitted to U. S. Army Hospital, Fort Bragg, North Carolina in a comatose state 
with bleeding from the nose and right ear. Shock was treated with whole blood, after which 
he became restless and combative. A right 6th nerve paralysis was evident and Babinski’s 
sign was positive bilaterally. He remained agitated and disoriented, and on April 13, a prop- 
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tosis was noted on the right with early chemosis and ophthalmoplegia. At this time a left 6th 
nerve palsy became apparent. A bruit was auscultated over both eyes, but was more pro- 
nounced on the right. Skull films did not demonstrate a fracture. 

On April 21, 1953, the patient was transferred to the Neurosurgical Section of U.S. Army 
Hospital, Camp Gordon, Georgia. Marked right proptosis and chemosis were apparent. 
Bilateral bruit, early protrusion of the left eye, positive left Babinski, restlessness, confusion 
and recent loss of weight were noted. A definite thrill was palpated over the right carotid. 
Compression of the right carotid greatly diminished the bruit. A diagnosis of right carotid- 
cavernous sinus fistula was made. 

The stages of angiography and surgical treatment were as follows: 

1. April 22, 1953. Bilateral percutaneous angiograms revealed a right carotid cavernous 
fistula and normal circulation on the left (Fig. 1). 





Fig. 1. (Left) Right carotid angiogram showing diodrast in the cavernous sinus and dilated 
ophthalmic veins. (Right) Normal left carotid angiogram. 


2. May 4, 1953. Ligation of the right internal carotid artery was done, with removal of 
clamp which had been applied 6 days previously and gradually closed. Bruit was markedly 
diminished on the right side. 

3. May 9, 1953. Left percutaneous angiography was repeated. because of an increase in 
the bruit over the left eye and the appearance of an easily palpable thrill over the left common 
carotid artery. Another carotid-cavernous fistula was demonstrated (Fig. 2). 

4. May 12, 1953. Right frontal craniotomy was done, with supraclinoid clipping of right 
internal carotid artery. The right bruit became almost inaudible and the left bruit was in- 
tensified. 

5. June 22, 1953. The left internal carotid artery was ligated, with removal of clamp 
which had been inserted 16 days previously and gradually closed. The left bruit diminished 
to about 80 per cent of its former intensity. A bruit no longer could be heard on the right. 

6. June 22, 1953. Open left external carotid angiography was performed because of 
persistent bruit on left (Fig. 3). 

7. June 22, 1953. The left common carotid artery was ligated to block flow to external 
carotid, as the left internal carotid had been occluded previously. 

Subsequent Course. Neurological examination at this time revealed that the patient was 
oriented, rational and alert. He was ambulatory and showed no evidence of hemiparesis, 
motor incoordination or aphasia. Anesthesia was present over the distribution of the left 
ophthalmic and maxillary nerves. The left corneal reflex was absent, whereas the right was 
brisk. The left bruit was still heard but was about 10 per cent of former maximum intensity. 
A soft murmur continued over the left orbit, but this was inaudible to the patient. 
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Fic. 2. Left angiogram showing diodrast in left cavernous sinus. 


Thirty-two days after occlusion of the left common carotid the bruit disappeared. The 
proptosis receded completely on each side and the originally described bilateral palsy of the 
6th nerve became apparent. Tarsorrhaphy was performed on the right to reduce the chemosis 
and later on the left because of a keratitis. Lateral closure of the eyelids was maintained 
temporarily to prevent further ophthalmologic difficulties. The bilateral 6th nerve palsy and 
above-described anesthesia persist but the patient is otherwise in good health. 





Fic. 3. (Left) Lateral radiograph of skull following angiography, for comparison with left external 
carotid angiogram. (Right) Left external carotid angiogram. This shows retrograde filling of the fistula 
through the ophthalmic artery. 
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COMMENT 


Why the left arteriovenous fistula did not appear radiographically until the 
right internal carotid artery had been occluded is a matter of speculation. It is felt 
that the increase in intravascular pressure on the contralateral side, subsequent to 
initial carotid occlusion, might have been sufficient to burst open a healing intra- 
“avernous-carotid tear. Possibly, a vestigial defect in the carotid may have been 
present to account for the development of the second carotid-cavernous fistula. The 
reduction in blood flow in the cavernous sinus by right internal carotid trapping and 
left internal and common carotid ligations eventually produced a thrombosis in the 
involved channels to close them. 

The presence of bilateral carotid-cavernous fistulas may explain the persistence 
of proptosis in some of the previously recorded cases. Although no general conclusions 
can be made from a single case report, this may clarify the effectiveness of bilateral 
‘arotid ligations in some instances. The demonstration of retrograde filling of the 
‘avernous sinus through the ophthalmic artery, when both internal carotid arteries 
had been occluded, modified our surgical attack. Mount’ has also shown evidence of 
this back flow from the external carotid into the intracranial portion of the internal 
carotid. Meningeal or pituitary arteries of the external carotid system may also be 
‘apable of enhancing this collateral circulation. 


SUMMARY 


The surgical treatment of a patient with bilateral carotid-cavernous fistulas was 
dictated by repeated angiographic studies. The demonstration of a second arterio- 
venous communication on the contralateral side made the changing bruit, shifting 
varotid thrill, and persistent proptosis understandable. The visualization of retro- 
grade filling of the cavernous sinus through the external carotid system verifies the 
assumption that potent collateral circulation develops in carotid-cavernous fistulas. 
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HERNIATION OF THORACIC INTERVERTEBRAL DISCS WITH SPINAL 
CORD COMPRESSION IN KYPHOSIS DORSALIS JUVENILIS 
(SCHEUERMANN’S DISEASE) 


CASE REPORT 


Joun H. Van Lanpincuam, M.D.* 


Service of Neurological Surgery, Neurological Institute, Presbyterian Hospital, New York, 
New York 


(Received for publication January 4, 1954) 


Posterior herniations of intervertebral discs in the thoracic region, while not 
nearly so common as in the lumbar or cervical regions, are a definite and well- 
recognized clinical entity. As has been described by Logue,” these lesions are more 
apt to declare themselves by clinical evidence of spinal cord compression than by 
root compression or local back pain. They tend to occur in individuals beyond the 
age of 30 who show no propensity to generalized disease of the spine. More often 
than not there is no history of trauma, as emphasized by Logue,” and by Love and 
Kiefer.’ 

The following case of thoracic disc herniation is of interest because of several 
unusual clinical features which will be pointed out below. 


J.J.C., a male aged 17 years, was admitted with a history of having awakened one morning 
4 weeks previously with a “numb feeling” (not complete anesthesia) from the hips down. This 
gradually became more marked and a week later he began to experience awkwardness in walk- 
ing and a sense of stiffness in the hamstring muscles, starting on the left. There was no history 
of trauma, pain, sphincter disturbance, or of previous neurological symptoms. 

Examination revealed moderate obesity, a moderate dorsal kyphosis with no tenderness 
of the back, and a wide-based gait, with a suggestion of spasticity and a tendency to slap the 
toes on the floor when walking. Strength was normal. Position and vibratory perception were 
slightly impaired in the lower extremities, more so on the right. Touch and pain sensation were 
present but impaired below the 9th thoracic dermatome. Myotatic reflexes were slightly in- 
creased in the lower extremities and there was a bilateral Babinski sign. 

The only significant laboratory finding was a spinal fluid protein of 106 mg. per cent with 
no manometric block. 

X-rays of the dorsal spine showed a kyphotic deformity and some wedging of the mid- 
thoracic vertebral bodies consistent with Scheuermann’s disease. Myelography showed a 
ventral filling defect at the 7th thoracic interspace with smaller similar deformities at T8 and 
T9 (Figs. 1 and 2). 

Operation. On Jan. 7, 1953, a laminectomy of the 7th, 8th, and 9th thoracic vertebrae re- 
vealed two degenerated discs at the 7th and 8th interspaces. These were removed by an 
extradural approach, but with the dura mater open so that the cord was constantly under 
direct vision. The spinal cord appeared to be normal in color, size and consistency, but was 
bowed dorsally. The discs were soft and slightly yellow and had ruptured through the 
annulus fibrosus but not through the posterior longitudinal ligament. Each dise was removed 
from the right, following which extradural inspection of the left side revealed no evidence of a 
ventral mass. After removal of the discs the dorsal bowing of the cord was observed to be 
greatly reduced and the dura mater was closed. 

Course. Postoperatively the patient, fitted with a steel supportive brace for the thoracic 
spine, improved rapidly. When seen in the follow-up clinic 6 weeks and again 4 months after 
operation he had no complaints, his gait was normal and the extensor plantar reflexes had 





* Present address: Talcott Building, 315 West State Street, Rockford, Illinois. 
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Figs. 1 and 2. (Left) Pantopaque myelogram showing lateral view of thoracic spine. Note wedging 
of the vertebral bodies resulting in a moderate kyphosis, and the large ventral defect opposite the T7 
interspace and the smaller defects at T8 and T9. (Right) Diagram of myelogram. 
disappeared. Moreover sensation was intact save for slight hypalgesia on the lateral aspect 
of each thigh and calf. 


COMMENT 


This case is of interest for several reasons. First, the patient had physical and 
x-ray evidence of thoracic spine abnormality typical of Scheuermann’s disease. In 
Scheuermann’s' report of 18 cases of juvenile kyphosis, there is no mention of spinal 
cord compression. Cloward and Bucy! have reported 10 proved cases of spinal ex- 
tradural cyst with cord compression. Eight of these were in the thoracic region and 
associated with either the early or late changes of kyphosis dorsalis juvenilis, and all 
8 occurred in the age range from 12 to 20 years. However, so far as can be deter- 
mined, no other instance of spinal cord compression caused by posterior disc hernia- 
tion in Scheuermann’s disease has been reported in the literature. In this case, more- 
over, multiple disc herniations were demonstrated by myelography and surgical ex- 
ploration. To be sure, the large extrusion at the 7th intervertebral space was un- 
doubtedly the only one that produced neurological symptoms and signs. Finally this 
patient was unusually young for such a lesion. The youngest previously reported 
patient with thoracic disc herniation of which we are aware was 26 years old, in the 
series of Love and Kiefer,’ all others having been over 30. 
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SUMMARY 


A case of spinal cord compression caused by thoracic disc herniation is presented 
which is of particular interest since it occurred at an unusually young age in the 
presence of juvenile kyphosis (Scheuermann’s disease). The patient’s symptoms were 
relieved by operation. 
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Howard Renninger Erb died on the 23rd of October, 1953 following a heart at- 
tack. He was the son of the late Edward R. Erb, and Mrs. Verda Renninger Erb, 
and is also survived by his wife, Alice, by four children, Milly, Christine, Hannah 
and Jonathan Howard, and by a brother, Edward, of East Greenville. Dr. Erb was 
born in Helena, Montana, October 14, 1914. His preliminary schooling was accom- 
plished in the Allentown High School, Allentown, Pennsylvania from 1929 to 1932. 
He received his Bachelor of Science degree from Pennsylvania State College in 1936 
and his Doctor of Medicine degree from the University of Pennsylvania in 1940 to- 
gether with his wife, the former Alice Robertson of Swarthmore. After serving a two- 
year rotating internship in the Philadelphia General Hospital, he entered the Air 
Force Medical Corps in 1942 and served with distinction in England and Europe and 
was discharged in 1946 with the rank of major. He went directly to the Mayo 
Foundation in April 1946 for a Fellowship in Neurosurgery. While there he impressed 
both his contemporaries and his seniors with the superior nature of his work and all 
who knew him were affected by his magnificent personality. 

Dr. Erb completed his Fellowship at Rochester in 1949, earning the Master of 
Science degree in Neurosurgery in completing an excellent thesis concerning tumors 
of the midbrain. He then returned to Allentown and opened an office serving Allen- 
town, Bethlehem, and the entire Lehigh Valley. Dr. Erb was chief of the Neurosur- 
gical Division of the Department of Surgery at St. Luke’s Hospital in Bethlehem. 
He also was Consultant in Neurosurgery at the Allentown General Hospital, the 
Sacred Heart Hospital, Allentown, the Easton Hospital, Easton, and the Quaker- 
town Hospital. He was a member of the Society of Friends, The Royal Society of 
Medicine (England), the American Academy of Neurology, The Philadelphia Neuro- 
logical Society, The Congress of Neurological Surgeons, The Harvey Cushing So- 
ciety and the American College of- Surgeons. He was affiliated with the Lehigh 
County Medical Society, The American Medical Association, The Pennsylvania 
Medical Society, The Bethlehem Medical Club and the Saucon Valley Country 
Club. 

Those of us who have had the pleasure of visiting Howard at home in Allentown 
have enjoyed the very warmest of hospitality from Howard and Alice. Making 
rounds with Howard gave the immediate impression that this was a man loved and 
respected by every individual in the various hospitals. The responses as Dr. Erb 
progressed from the front door, to wards, to hospital beds and on through were not 
the perfunctory recognitions of an attending doctor by the staff and patients, but 
the warm, genuine pleasure at seeing again a greatly admired, respected, and trusted 
friend. 


Dwicut Parkinson, M.D. 





NOTICES 


AMERICAN ELECTROENCEPHALOGRAPHIC SOCIETY 


The 8th annual meeting of the American Electroencephalographic Society will 
take place at the Hotel Claridge, Atlantic City, New Jersey, June 11-13, 1954. 

A symposium on “The Rhinencephalon” (its relationship to both clinical electro- 
encephalography and experimental neurophysiology with special reference to its 
electrical activity in relation to behavior and symptoms) will be held on June 13 
from 9:00 a.m.—1:00 p.m. under the Chairmanship of Dr. Robert Schwab. 

A special session on Medico-Legal Aspects of Clinical Electroencephalography 
will be held on June 11 from 8:00 p.m.—10:00 p.m. Moderator will be Dr. A. Earl 
Walker. 


GERMAN SOCIETY OF NEUROSURGERY 


The German Society of Neurosurgery has elected as Honorary Members Dr. 
Percival Bailey, Chicago, Dr. Leopold Schénbauer, Vienna, and Dr. Robert Warten- 
berg, San Francisco. 


HARVEY CUSHING SOCIETY 


The 22nd annual meeting of the Harvey Cushing Society was held in Santa Fe, 
New Mexico, May 6-8, 1954. The following officers were elected: President-Elect, 
Dr. Frederic Schreiber, Detroit; Vice-President, Dr. Richard U. Light, Kalamazoo; 
Secretary-Treasurer, Dr. David L. Reeves, Santa Barbara. Dr. Edgar Kahn was 
elected member of the Executive Committee. President of the Society from 1954— 
1955 is Dr. Harry Wilkins, Oklahoma City. Members of the Executive Committee 
are: Dr. Frank Turnbull, Vancouver, Dr. Eben Alexander, Jr., Winston-Salem, 
Dr. Paul C. Bucy, Chicago, Dr. William J. German, New Haven, and Dr. Edgar A. 
Kahn, Ann Arbor. Mrs. William A. Nosik, Cleveland, was reappointed President 
of the Ladies Auxiliary, and Mrs. Howard A. Brown, San Francisco, was appointed 
President-Elect. 


NEUROSURGICAL SOCIETY OF AMERICA 


The 7th annual meeting of the Neurosurgical Society of America will be held at 
Grand Hotel, Mackinac Island, Michigan, July 21-24, 1954. 


332 











ner 
glic 
of | 
bee 
lea’ 


gen 
wel 
con 
cha 
see 
tak 
nia 
cor 
par 
suc 


bru 


for 
het 
sec 
pai 
ten 
gas 


aft 
dis 
vis 
(Fi 
Th 


Uusl 








“GANGLIOLYSIS” FOR THE SURGICAL TREATMENT 
OF TRIGEMINAL NEURALGIA 


A. STENDER, M.D. 
Clinic for Neurology and Neurosurgery, Free University at the 
Westend-Hospital, Berlin, Germany 


(Received for publication February 1, 1954) 


N 1952 Taarnhgj’® described a method of decompression of the trigeminal 
I nerve for the treatment of tic douloureux. In this procedure the dural 

sheath enclosing the trigeminal nerve is divided without sectioning the 
nerve. The dural incision is made over the most posterior part of the gan- 
glion, and follows the course of the trigeminal root until the superior margin 
of the petrous bone has been reached and the superior petrosal sinus has 
been divided. It is then usually extended to the tentorium. The operation 
leaves no sensory deficit. 

In Taarnhgj’s opinion neuralgia is caused by narrowing of the porus tri- 
gemini and chronic pressure, especially in older people. All of his 10 patients 
were free from attacks from 1 to 8 months after operation. His findings were 
confirmed by Kautzky‘ who had similar results in 16 cases. A purely me- 
chanical explanation of the results of Taarnhgj’s operation, however, would 
seem unsatisfactory. There is no reason to assume that anatomical narrowing 
takes place in the trigeminal canal or in other foramina through which cra- 
nial nerves pass. Furthermore, trigeminal neuralgia occurs in attacks while a 
compression would be more likely to lead to continuous pain rather than to 
paroxysms which can be precipitated by a great variety of external factors, 
such as variations in temperature as well as by eating, shaving, talking, or 
brushing of the teeth. 

In an unpublished case at Foerster’s clinic in Breslau, a Frazier operation 
for tic douloureux was started but could not be finished because of severe 
hemorrhage necessitating tamponade and closure before the root could be 
sectioned. This patient recovered and was surprisingly free of attacks of 
pain for several years without sensory deficit. With this case in mind an at- 
tempt was made to modify Taarnhgj’s method by simply exposing the 
gasserian ganglion without splitting the dura mater or sectioning the nerve. 


TECHNIC 


The procedure is started, as in Frazier’s operation, by an extradural approach 
after occluding the middle meningeal artery in the foramen spinosum and by blunt 
dissection of the dura mater from the 3rd branch. After the ganglion has been 
visualized the 2nd branch is similarly exposed until finally the root itself can be seen 
(Fig. 1). At this stage the coverings of the cavum Meckelii still overlie the ganglion. 
This tenuous membrane is occasionally torn by manipulation of the dura mater but 
usually it is necessary to remove it after an incision with a small hook knife. In re- 
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moving the dura materjone should be extremely careful, as traumatization of the 
ganglion as well as of the pars triangularis of the root may lead to a sensory deficit. 





Hille des“ rey 2 
CavumMeckel? : for ovale 


for spinosum 
Fig. 1. Exposure of the gasserian ganglion. 


CLINICAL MATERIAL AND RESULTS 


The gasserian ganglion was exposed in 18 cases during the past 13 months, 
and in most instances the cavum Meckelii was opened. Of the 18 patients, 
16 had typical tic douloureux, 1 sustained trigeminal pain following an in- 
flammatory process in the maxillary sinus, and 1 presented a mixture of con- 
tinuous pain with additional paroxysmal attacks of pain superimposed. In 
all cases of uncomplicated tic douloureux, pain was abolished for up to 13 
months. In 1 of the earlier cases in which the cavum Meckelii had not been 
opened, some paresthesias occasionally recurred in the distribution of the 
2nd and 3rd branches. A relapse of pain occurred in the patient in whom tic 
douloureux was complicated by continuous pain, and in this case also the 
cavum Meckelii had not been opened. Therefore in subsequent cases the 
opening of the cavum was considered to be the most important part of the 
procedure. In 2 additional cases there was moderate hypesthesia postopera- 
tively in the distribution of the 2nd and 3rd branches, probably as the result 
of traumatization of the ganglion. 


DISCUSSION 


An attempt should be made to discuss the etiology of the paroxysmal 
attacks of pain in tic douloureux. Several older authors believed that the at- 
tacks were caused by a vasomotor disorder, especially angicspasm (Quincke, 
Kulenkampff,> Haertel, Hughes). Others like Olivecrona,’:* and Dandy!” 
were inclined to explain them on a mechanical basis, such as irritation of the 
root by vascular malformations in the posterior fossa. In some cases of veri- 
fied cerebellopontine-angle tumors tic douloureux is a symptom.® Lewey’* re- 
garded trigeminal neuralgia as a partial thalamic syndrome. Schaltenbrand® 
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recently described autopsy findings in a case of unilateral trigeminal neu- 
ralgia in which both gasserian ganglia showed severe arteriosclerotic changes. 
In this case no local treatment by alcohol or novocain injections had been 
performed. On the basis of these findings Schaltenbrand considered trigem- 
inal neuralgia as “‘claudicatio intermittens” of the gasserian ganglion. This 
explanation, however, does not seem fully satisfactory, as trigeminal neu- 
ralgia may occur in younger or middle-aged individuals. 

One might consider an old theory according to which tic douloureux is 
somehow related to the numerous inflammatory processes of teeth and si- 
nuses. Almost every one has suffered some of these many times in his life. 
This does not mean that a given inflammatory process as such could produce 
trigeminal neuralgia. Another interpretation: seems justifiable: In all these 
infectious processes, pain, i.e. irritation of a branch of the trigeminal nerve, 
is produced. Each attack of pain, according to the theories of Leriche and 
others, leads to contractions of the blood vessels of the nerve. As many pa- 
tients suffer from these inflammatory processes repeatedly one could con- 
ceive that a “summation of stimuli” in certain cases leads to conditioned 
vascular reflexes, thus creating a new disease, namely neuralgia. Neuralgia 
follows its own course and is no longer immediately related to the original 
episodes of pain which have subsided long ago. In patients with causalgia 
and in others with the thalamic syndrome tactile stimuli are perceived as 
pain. One might be justified in speculating that on the basis of irritative 
stimuli in the distribution of the trigeminal nerve, repeated off and on for 10 
or 20 years, a similar mechanism is produced, which leads to precipitation of 
attacks of pain by physiologically tactile stimuli, such as touching the skin, 
shaving, touching the gingiva in brushing the teeth, etc.* In this situation of 
lowered threshold for pain tactile stimuli lead to a paroxysm of pain asso- 
ciated with a “spastic vascular crisis.”” The single episode of tic douloureux 
could then be conceived as an acute state of anoxemia. This in turn leads to 
compensatory mechanisms, usually effective in a short time, with the well 
known signs of vasodilator activity, as hyperemia of the skin in the area in- 
volved, increase in secretion of the nasal mucosa and tearing. 

If the paroxysm of pain is associated with a vasomotor reflex mechanism 
it is also conceivable that arteriosclerotic mechanisms may play a part, as in 
Schaltenbrand’s® case. There is a definite increase in incidence of neuralgia 
with increasing age. 

There is one other form of true neuralgia with similarly unbearable at- 
tacks of pain: glossopharyngeal neuralgia. On the basis of what has just been 
discussed concerning trigeminal neuralgia it is quite conceivable that recur- 
rent inflammatory states of the tonsils in certain patients may lead to gloss- 
opharyngeal neuralgia. Again by summation of stimuli and progressive con- 
ditioning a pathological vasomotor reflex of the 9th cranial nerve might be 
produced. 


* The extreme rarity of tic douloureux involving the Ist branch would indirectly support the theory 
that neuralgia is somehow a secondary disease following repeated attacks of dental pain. 
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If one assumes this mechanism to be valid the operative results initially 
described might be understood. By exposing the ganglion, its vasomotor 
supply and that of the branches of the trigeminal nerve would be altered. 
The operation leads to hyperemia and possibly also edema. In the subse- 
quent stage of reparation new formation of capillaries in the region of the 
ganglion and its coverings should lead eventually to a different vasomotor 
situation with improved blood supply, and the spastic vascular reflexes 
might conceivably cease for this reason. This in turn might lead to cessation 
of the neuralgia. 

Time has been too short for a final evaluation of the therapeutic results 
of this method. It will be necessary to wait for relapses, and to compare the 
incidence of relapses with that after other operative procedures. The ad- 
vantages of this method in comparison with Taarnhgj’s procedure are: the 
surgical risk is smaller, the operation is less extensive, and complications such 
as extraocular muscle palsies are not encountered. Mainly the method does 
not lead to the very annoying sensory deficit that follows section of the root. 


SUMMARY 


Trigeminal neuralgia has been abolished in 18 cases by operative ex- 
posure of the gasserian ganglion. In most instances the cavum Meckelii was 
opened. This seems to be the most important step of the operation. Root 
section is not necessary with this method, and therefore there is no sensory 
deficit. One might describe the method as “gangliolysis.”’ So far only patients 
with genuine tic douloureux have been benefited by the operation. 

An attempt is made to explain the paroxysms of pain on the basis of a 
faulty conditioned vasomotor reflex, leading to paroxysmal anemia. The 
effect of the operation consists in a fundamental change in the blood supply 
and vasomotor situation of the ganglion. 
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lateral ventricle and referring to similar tumors reported by Hosoi and 

by Roscher, De Busscher’ in 1935 called attention to the occurrence 
of intraventricular meningiomas and stated “*. . . auf diese Weise vielleicht 
auch ein charakteristisches klinisches Bild herausarbeiten zu kénnen, das 
eine sichere Lokaldiagnose intra vitam gestattet.”” Dandy* in 1933 was of the 
opinion that there was no clinical syndrome by which enucleable tumors with- 
in the lateral ventricle of the brain (2 of the 13 tumors in his series were pure 
fibromata) could be diagnosed with sufficient accuracy. Later in 1938, 
Gardner and Turner® likewise expressed their view that the recognition of 
primary benign intraventricular tumors by clinical means was practically 
impossible. Cushing and Eisenhardt? grouped the symptoms of lateral tu- 
mors of the velum under five headings, but symptoms of a tumor of the lateral 
ventricle do not necessarily correspond therewith. A review of their cases and 
those reported by Lynn-Thomas," Tschernyscheff,!* Petit-Dutaillis and 
Bertrand," Fincher,* David et al.4 and Busch! will demonstrate how difficult 
it is to make a correct diagnosis of a meningioma of the lateral ventricle 
merely by neurological examination. This was true of the five cases previ- 
ously published by one of us.!° The additional five cases to be described here 
also illustrate that symptoms of the tumor under consideration may be 
manifold, confusing and misleading. 

Dandy? was of the firm belief that such tumors could be localized with 
absolute precision by means of pneumoventriculography. Certainly too 
much cannot be said in praise of this most valuable contribution of Dandy. 
Busch! also laid stress on pneumoventriculography in establishing the diag- 
nosis. However, it does sometimes happen that a primary tumor of the lat- 
eral ventricle can hardly be differentiated by ventriculography from invasive 
gliomas that protrude into or obliterate the ventricle (cf. Cases 2 and 3 of 
Gardner and Turner’ and Cases 1, 2 and 4 of Busch'). Even when the pres- 
ence of a tumor within the lateral ventricle is strongly suspected because 
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his paper was read in Japanese by one of us (Huang) at the 12th meeting of the Japanese Neuro- 
surgical Society held in Nagoya, April 8-9, 1954. 
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of the deformity, displacement and/or obstruction of the ventricle(s) in the 
pneumoventriculograms, the established diagnosis cannot be more than a 
topical one. That is to say, positive ventriculographic findings alone cannot 
enable one to make the histopathological diagnosis that the suspected tumor 
is definitely a meningioma. 

Meningiomas of the lateral ventricle of the brain belong to the category 
of “benign encapsulated tumors” and, given a correct preoperative diag- 
nosis, total removal of these tumors followed by practically complete cure 
of the patients can be expected. It is supposed that the difficulties of diag- 
nosis and unfamiliarity with the lesion were largely responsible for the un- 
favorable results (Busch'). It is therefore of great importance to try to es- 
tablish some criteria, or pathognomonic signs, by which the diagnosis of this 
favorable surgical lesion may be unmistakable. For this purpose we pre- 
sumed that angiography might give some clues. Thus, carotid angiography 
has been carried out in patients in whom a lateral ventricle tumor was more 
or less suspected clinically. In this way such a tumor was uncovered in 5 
cases, a report of which with special reference to the angiographic findings is 
given below. 


Case 1. Y. Izuka, a 27-year-old woman, entered the hospital July 24, 1953, com- 
plaining of diffuse headaches, occasionally associated with nausea, for some 14 
months. The headaches at first were intermittent and unendurably severe, but later 
became rather continuous and less severe. They were slightly more pronounced on 
the left side. 

Examination. The only positive neurological findings were signs of increased 
intracranial pressure, viz., choking of the optic discs (2 D. on the right and 4 D. 
on the left) and marked increase in the spinal fluid pressure (350 mm. of water). 

Moljodol (lipiodol) ventriculography was done. The right lateral ventricle was 
punctured and 4 ce. of contrast material were injected into the posterior horn. The 
needle failed to get in the left lateral ventricle but at a depth of about 4 cm. it met 
with a firm creaky resistance. Fluoroscopic examination showed that the contrast 
material introduced into the right lateral ventricle passed through the foramen of 
Monro into the 3rd ventricle but not into the opposite (left) lateral ventricle. The 
ventriculograms disclosed considerable dilatation of the right lateral and the 3rd 
ventricle; the latter was displaced to the right, more in its upper part, but the former 
was normal in location. 

Angiographic Study (July 31). An intraventricular tumor of the lateral ventricle 
was suspected, most likely a meningioma (because of the seat of the tumor on the 
left side and the creaky firm resistance on puncture). Percutaneous carotid angiogra- 
phy was done. Two injections of 35 per cent Uriodone (20 cc. each) were given: the 
Ist for A-P view and the 2nd for serial profile pictures; both the arteriogram and 
the phlebogram of either the 1st phase or the 2nd phase. 

In the A-P film, the left anterior cerebral artery was shifted to the right, forming 
an are with its concavity to the left. Arteries of the Sylvian group were nearly normal 
in location although there was an area of moderate hypervascularization in the 
region where the temporal horn should normally be located. 

The first profile arteriogram (Fig. 1) showed that the pericallosal and calloso- 
marginal arteries were elevated and parallel but not actually deformed, and the more 
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peripheral branches were generally stretched or “spinnenbeinartig” (Moniz), in- 
dicating a pronounced hydrocephalus. The Sylvian group was pushed forward and 
upward, and under it were found a fine vascular network and twisted small vessels 
derived from the enlarged and elongated anterior choroidal artery. The posterior 
communicating and the posterior cerebral arteries were demonstrated but they ap- 
peared to be almost normal in course. The external carotid artery and its branches 
were not visualized. 





Figs. 1 and 2. Case 1. The arteriogram shows a fine vascular network and twisted small vessels derived 
from the elongated and somewhat enlarged anterior choroidal artery (arrow), while in the phlebogram 
there is a rather well circumscribed, round and homogeneous overshadowing, in which Galen’s ampulla 
and vein (arrows) were seen to be semicircularly depressed (this is hardly identifiable in this figure be- 
cause of the overlap of the tumor shadow on Galen’s ampulla and vein). Dots are iodized oil drops pre- 
viously injected for ventriculography. 


In the phlebogram (Fig. 2) there was a rather well circumscribed, round and 
homogeneous overshadowing caused by accumulation of the contrast material. It 
was as large as a mandarin orange and located in the region of the vascular network 
described above. Galen’s ampulla and vein were semicircularly depressed, but they 
are indistinct in Fig. 2 because of the overlap of the tumor-shadow. 

The most probable angiographic diagnosis was a choroid plexus meningioma, for 
(1) the nutritional vessel of this apparently hypervascularized tumor was the ante- 
rior choroidal artery, (2) the phlebogram was fairly typical for a meningioma, and 
(3) the tumor was located on the left side. 

Operation (August 4). A left temporal craniotomy was made. When the bone 
flap was reflected, the dura mater was felt to be considerably distended. Exploratory 
puncture in the central area of the brain exposed met with hard resistance at a depth 
of 3 cm. Another puncture, presumably at the tip of the temporal lobe, yielded some 
50 ce. of watery clear fluid under remarkably increased pressure. After this the dura 
mater collapsed so that it could be opened readily without hazardous prolapse of 
brain. A deep incision in the temporal lobe disclosed an encapsulated, very hard and 
nodular tumor which was soon found to be lying in the ventricle. A finger was passed 
under the tumor, and with gradual and gentle manipulations the tumor was de- 
livered extracerebrally without any troublesome bleeding. It was then found to 
receive its blood supply from a large vascular stalk that was continuous with the 
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choroid plexus. Having doubly clipped and cut off this artery, the tumor was re- 
moved in one mass. 

Course. Twenty-four hours after operation there were complete motor aphasia 
and right motor hemiparesis but the general condition of the patient was excellent. 
The symptoms improved gradually in the course of about 3 weeks and she became 
entirely well in the 6th postoperative week, when she was discharged (September 18). 

Pathological Report. Grossly the tumor measured 6 by 4 by 3.5 cm. and weighed 
about 100 gm. (Fig. 3). It was covered by a thin glistening capsule and was irregu- 
larly nodular. At one point a conglom- 
erate of vessels resembling the choroid 
plexus was attached. Section of the tu- 
mor revealed partly granular and partly 
fibrous tissue, which was generally 
gray-white but in some parts tinged 
with blood. Microscopically, the tumor 
was a meningioma (transitional men- 
ingothelial and fibroblastic). No psam- 
moma particles were found. 


Case 2. Y. Sakata, a 24-year-old 
woman, was admitted on Sept. 24, 1953. 
She had been hospitalized twice, under 
a diagnosis of schizophrenia, in a pro- 
vincial lunatic asylum during the years 
1950-1952, and underwent bilateral 
prefrontal lobotomy on July 10, 1952. After the lobotomy all the symptoms at- 
tributed to schizophrenia seemed to have disappeared but gradually she began to 
have headaches associated with projectile vomiting. One year after the lobotomy, 
i.e. 13 months prior to admission, generalized seizure with loss of consciousness oc- 
curred. Recently impairment of vision and memory were noted. 

Examination. The patient was somewhat impassive, but not actually torpid. 
She was cooperative, though she answered questions very slowly. She was disori- 
ented as to the surroundings and the time. Her memory was markedly reduced. 
The optic disc was choked bilaterally, showing an elevation of 2 D. and postneuritic 
atrophy. Visual acuity was reduced to perception of gross finger movements in front 
of the eyes. Corneal reflex was very sluggish on the left side. Hearing was normal on 
either side and caloric nystagmus was present. The tongue was slightly but definitely 
deviated to the right on protrusion. Tendon reflexes were all hyperactive but clonus 
or abnormal reflexes were absent. Motor or sensory weakness, speech disturbances 
and hemianoptic defect in visual fields were all absent. The spinal fluid was under 
increased pressure (350 mm. of water) but clear and without any discoloration. 

Roentgenograms of the skull revealed two burr holes made at the previous pre- 
frontal lobotomy and a homogeneous shadow as large as an apple, suggestive of a 
calcified mass, in the temporal region. 

At Moljodol-ventriculography, puncture of the left posterior horn was unsuc- 
cessful so that the contrast medium was introduced into the right side only. The 
pictures disclosed that the foramen of Monro on the left side was completely ob- 
structed so that the oil could not pass into the left lateral ventricle, but the passage 
of the oil into the 3rd ventricle was undisturbed. Both the right lateral and the 3rd 





Fic. 3. Case 1. Choroid plexus meningioma removed 
from the left lateral ventricle. 
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ventricle were markedly dilated. The former was normal in location but the latter 
was displaced to the right, its anterior part being farthest from the midline. 
Carotid angiography (October 6) was performed on the left side, a tumor of the 
left lateral ventricle being suspected. The arteriogram (Fig. 4) showed that the 
siphon was stretched and lifted high up. The Sylvian arteries were also markedly 
elevated and to some degree displaced forwards, forming a large semicircle with its 
concavity downward. Inside this concavity there was a well delimited, hypervascu- 


. 








Figs. 4 and 5. Case 2. In the arteriogram a well delimited, hypervascularized, oval and more densely 
shadowed area is seen in which the elongated and enlarged anterior choroidal artery (arrow) runs and 
terminates in a fine vascular network. In the phlebogram this area still remains as an overshadowing 
(arrows) because of the accumulation of contrast material. Dots are Moljodol drops. 


larized, oval and more densely shadowed area, the size of an apple, in which the an- 
terior choroidal artery was found to run and terminate in a fine vascular network. 
In this area, however, no arteriovenous anastomosis was seen (dots are drops of oil 
used for ventriculography). Branches of the-anterior cerebral artery, including the 
pericallosal and the callosomarginal arteries were in general stretched and arranged, 
more or less, in parallel rows, indicating an outstanding hydrocephalus. In this 
picture, tributaries of the external carotid artery were also demonstrated but there 
was no evidence that they were anastomosed with the internal carotid tributaries, 
nor that they were connected with the (tumor-) shadow. In the phlebogram (Fig. 5) 
ascending cerebral veins were about to disappear but an oval shadow caused by ac- 
cumulation of the contrast material still remained, corresponding to the hypervas- 
cularized area seen in Fig. 4. (The A-P film revealed only obscure vascular shadows 
so that it was of little diagnostic value.) In analyzing these angiographic findings, it 
was concluded that the lesion must be a meningioma of the lateral ventricle. 
Operation (October 9). An extensive temporo-parieto-occipital craniotomy was 
done. The dura mater was felt to be surprisingly distended on puncture with an ex- 
ploratory needle at various points. Thus, a hard resistance was felt at a depth of 
1 to3 cm. Incision of the dura mater in the temporal region and of the underlying 
brain substance was followed by spontaneous prolapse of a part of the tumor, which 
was granulated and covered with a thin capsule, brown to dark red in color and firm 
as elastic in consistency. By guy sutures the tumor was gently and gradually pulled 
out extracerebrally, when several vascular stalks of varying size were seen to be 
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attached to its capsule. These vessels were cut off after clipping or cauterization and 
the tumor was removed in one block. Immediately after the extirpation there was 
profuse bleeding from inside the ventricle, which was controlled by application of 
gelatine sponge. It was not possible to confirm whether the tumor had any connec- 
tion with the choroidal plexus or not, but a large part of the tumor had certainly 
occupied the left temporal horn and trigonum, adhering in no part to the ventricular 
wall but to the region of the glomus. The gelatine sponge was left in place, because 
hemostasis was otherwise impossible, and the wound was closed as usual. 
Postoperative Course. For about a week there were intermittent fever, sometimes 
even hyperthermia, and bleeding out of the drainage tube left inserted in the 
ventricle. Although she was not actually comatose, she could not answer because of 
motor aphasia apparently resulting 
from the operation. All these symp- 
toms, however, progressively improved 
in the following fortnight. Four weeks 
after operation, temperature was nor- 
mal and the optic discs were flat. There 
were no neurological abnormalities, ex- 
cept that she still appeared somewhat 
depressed and her visual acuity was not 
preserved normally. She was discharged 
6 weeks after operation on November 
Zi. 
Pathological Notes. The tumor (Fig. 
6) was 8 by 6 by 5.5 cm. in size and 165 
gm. in weight. It was granular and en- 
o capsulated, dark red in color and rather 
. | | | | | | iy! Be &. | | '6/0 hard in consistency. There was a furrow 
Fic. 6. Case 2. Meningioma of left lateral ventricle. O00 which were found several small-sized 
vascular stalks and plexus-like con- 
glomerates of vessels. The cut surface appeared homogeneously granular and red- 
dish-gray, and was as hard as elastic on palpation. Microscopically the tumor was a 
meningothelial meningioma with whorl formation. 
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Case 3. H. Mizuguchi, a man aged 28, entered the hospital on Oct. 13, 1953, 
complaining of diffuse and severe headaches of 2 years’ duration. For the last 6 
months the headaches had often been accompanied by vomiting and there developed 
sensory paresis of the right arm and leg, dizziness and double vision. 

Examination. The optic discs were blurred (incipient papilledema) and there was 
slight ptosis of the right upper eyelid. Visual acuity was apparently not reduced but 
a complete right homonymous hemianopia was present. There was slight motor 
hemiparesis with marked hemihypesthesia, including loss of deep sensibility, on the 
right side. Deep and superficial reflexes were equally exaggerated on both sides. In 
addition, apraxia and alexia were present (the patient was right-handed). Lumbar 
puncture revealed an increased spinal fluid pressure, 300 mm. of water. Psychiatrical 
examination disclosed an obvious weakness in memory but no other frontal syn- 
drome. 

Carotid angiography (October 19) was made on the left side. In the A-P film, an 
arched displacement to the right of the left anterior cerebral artery was seen. In the 
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lateral arteriogram (Fig. 7), the anterior cerebral artery and its branches were gen- 
erally stretched and arranged rather vertically in nearly parallel rows. The carotid 
siphon was somewhat compressed at the lower half, but it was stretched at the upper 
half. The proximal portions of the Sylvian arteries were slightly elevated and the two 
upper branches (posterior parietal and angular arteries) were so markedly dislocated 
upwards and forwards that they ran more perpendicularly than usual. But the lowest 
branch (posterior temporal) was, on the other hand, slightly depressed distally. 
These findings indicated a large tumor in the parieto-occipito-temporal region, 





Fics. 7 and 8. Case 3. In the arteriogram the choroidal artery (arrows), elongated but of a very fine 
calibre, is seen to take part in formation of the vascular network in the parieto-occipital region, while in 
the phlebogram a large, round and well circumscribed overshadowing (arrows) is visualized in the same 
region. The latter findings were, however, overlooked before operation because we were preoccupied by 
the idea that the lesion must be an infiltrating glioma. 


where a spiderweb-like vascular network was formed seemingly by the Sylvian arteries. 
Arteriovenous anastomosis or dots were not present. The external carotid tributaries 
were also visible in this picture, but there was no anastomosis between these and 
the internal carotid branches. The anterior choroidal artery, tortuously elongated 
but of very fine calibre, was overlooked and the phlebographic findings were at that 
time thought to be quite normal. (This misreading will be commented upon below.) 
A preoperative diagnosis of astrocytoma (or an infiltrating glioma) in the left parieto- 
occipito-temporal region was made. 

Operation (October 23). A left osteoplastic craniotomy was performed. When the 
dura mater was incised some 3 cm. in length, the tense brain was about to bulge out. 
There was widening of the gyri but no abnormal discoloration of the cortex. Upon 
exploration with a biopsy cannula, a hard resistance was encountered at a depth of 
3 cm. The cortex was incised, disclosing an encapsulated, dark red and fleshy sub- 
cortical tumor, the surface of which was densely covered with fine vascular networks. 
The tumor seemed to be firmly fixed in the brain substance, and any manipulation 
to dislodge and remove it ensued in critical bleeding from its surface. Accordingly, 
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after electrosurgical excision of some biopsy pieces and control of the resultant bleed- 
ing, the wound was closed. 

Postoperative Course. The temperature was as high as 40°C. for the first 3 days. 
The hyperthermia subsided for a couple of days thereafter only to reappear and the 
patient succumbed in coma on the 8th postoperative day. 

Autopsy (October 31) was limited to the brain. An encapsulated hard tumor, the 
size of a man’s fist and dark red in color, filled the posterior half of the lateral ven- 
tricle including the temporal horn (Fig. 9). The ventricle was studded with clots, 





Fia. 9. Case 3. An intraventricular meningioma of the left lateral ventricle. Note attachment (arrows) 
of the choroid plexus and glomus to the tumor. 


unquestionably caused by the operation. The tumor could readily be shelled out of 
the ventricle save for several vascular stalks which were mostly continuous to the 
choroid plexus and glomus. The tumor measured 6 by 5.5 by 5.5 em. and weighed 
132 gm. The cut surface was generally reddish-gray in color and there were scattered 
numerous small hemorrhagic foci and a more centrally placed necrotic area. 

Histopathologic examination showed that the tumor tissue was largely a me- 
ningothelial meningioma with whorl formation, but partly a hemangioblastic menin- 
gioma. 


Comment. On reviewing the angiographic pictures now, the anterior cho- 
roidal artery is definitely seen to be elongated, though of very fine calibre and 
connected with the spiderweb-like network (Fig. 7), while a large, round and 
well circumscribed overshadowing is visible in the phlebogram (Fig. 8). The 
oversight, or unwariness, of these findings seems to have resulted obviously 
from our preoccupation by the idea that the lesion must be an infiltrating 
glioma. 


Case 4. Y. Takahashi, a 27-year-old woman, was admitted on Oct. 13, 1953. For 
6 months she had been suffering from headaches, intermittent and diffuse but tend- 
ing to be somewhat more pronounced in the frontal region bilaterally. When she 
overworked or was fatigued, nausea and vomiting often occurred. In the last few 
months blurring of the vision was noticed. 
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Examination. Positive neurological findings were: choked optic discs, 3 D. on the 
right and 4 D. on the left, and cerebrospinal hypertension (370 mm. of water) with 
xanthochromic discoloration of the fluid. There seemed to be a questionable tactile 
hypesthesia of the two ulnar fingers and the ulnar half of the hand on the left side. 

Carotid angiography (October 19) was performed on the right side. First, the A-P 
view was taken. This showed slight but definite arched displacement to the left of 
the right anterior cerebral artery, with the concavity to the right. We then proceeded 
to take right lateral views. In the arteriogram (Fig. 10), the anterior cerebrals were 
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Figs. 10 and 11. Case 4. The arteriogram shows the entangled vascular mass (arrow) which originated 
exclusively from the anterior choroidal artery. In the phlebogram there is a well circumscribed over- 
shadowing (arrows) in the corresponding region. The depression of Galen’s ampulla, which formed the 


posterocaudal margin of the tumor-shadow, is evident in the original film, but could not be well repro- 
duced. 


seen to be stretched out, running rather vertically and in parallel rows. The proximal 
portions of the Sylvian arteries were pushed upwards, inside the concavity of which 
was a tangled vascular mass having its origin exclusively from the enlarged and 
elongated anterior choroidal artery. No arteriovenous anastomosis or dots were 
evident. The posterior communicating and the posterior cerebral artery were of 
nearly normal location and form. The external carotid tributaries were visible too, 
but any connection between these and the internals was not present. In the phle- 
bogram (Fig. 11) there was a well delimited overshadowing, as large as a big walnut, 
corresponding to the region where the tortuous vascular conglomerate was located 
in the arteriogram. Galen’s ampulla was slightly depressed, forming the postero- 
caudal margin of that overshadowing. A tumor connected with the anterior choroi- 
dal artery, i.e., a meningioma of the choroid plexus on the right side, was our 
angiographic diagnosis. 

Operation (October 30). An osteoplastic craniotomy was made in the right tem- 
poroparietal region. The dura mater was under considerable tension and a puncture 
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through it to a depth of about 3 cm. yielded an accumulation of xanthochromic 
fluid, which was thought to be cerebrospinal fluid, as on lumbar puncture made at the 
time of admission the fluid was also yellow-tinged. Incision of the dura mater and 
the cortex after evacuation of the fluid brought to view an encapsulated dark bluish- 
red tumor lying in the lateral ventricle. This tumor replaced the temporal horn and 
extended to the trigonum. The tumor was in no place adherent to the wall of the 
ventricle but it was connected with a tortuous vascular stalk, i.e., the conglomerated 
vessels of the choroid plexus, which were greatly dilated. The tumor could readily 
be removed after doubly clipping and cutting off the vessels. 

Postoperative Course. The patient made a complete recovery and was discharged 
in the 4th postoperative week, on November 28, in a normal and healthy condition. 

Pathological Note. Grossly, the tumor (Fig. 12) measured 5 by 4.5 by 5 cm. and 
weighed about 60 gm. The cut surface 
was granular, reddish-gray and fleshy 
in appearance. Histopathological study 
proved the tumor to be a meningothelial 
meningioma, containing a few psam- 
moma particles. 


Case 5. H. Umehara, a girl aged 17, 
was admitted on Jan. 27, 1954, com- 
plaining of headaches of 6 months’ du- 
ration. The headaches had been par- 
oxysmal and diffuse. Two months after 
onset of the headaches the patient was 
seen to drag her left foot on walking. 
Another 2 months later, she had for 
some time noticed double vision. The 
disturbance of gait had gradually in- 
creased and recently there had devel- 
oped motor weakness of the left hand 
and leg. After a lumbar puncture the 
headaches seemed to have localized mainly in the right frontal region. 

Examination. Positive neurological findings were: bilateral choked disc of 3 D.; 
signs of involvement of the facial, glossopharyngeal, vagal, accessory and hypo- 
glossal nerves, all on the left side and motor in type; left motor hemiparesis; ques- 
tionable astereognosis on the left side; hyperactivity of all tendon reflexes, slightly 
more pronounced on the left; and cerebrospinal hypertension (230 mm. of water). 
The left-sided (pseudo-) ataxia was apparently ascribable to the left motor hemi- 
paresis. 

Carotid angiography (January 29) was made on the right side, with the suspicion 
of a tumor in the right cerebral hemisphere. The A-P picture revealed an arched dis- 
location of the right anterior cerebral artery to the left side. The lateral angiogram 
(Fig. 13) showed that the peripheral arteries were generally stretched. Worthy of 
note was that the anterior choroidal artery was conspicuously enlarged and elon- 
gated, but that it did not end in or form any vascular tangles or network. The distal 
half of the siphon was lifted up and the Sylvian arteries were markedly elevated and 
somewhat pushed forwards at the proximal halves. The posterior communicating 
and the posterior cerebral artery were seen to be normal in location and in form. 
The external carotid arteries (superficial temporal and occipital arteries) appeared 








Fic. 12. Case 4. Choroid plexus meningioma 
removed from the right lateral ventricle. 

















di 


ar 
Ww 
si 


tu 
ve 








ANGIOGRAPHY OF LATERAL VENTRICLE MENINGIOMAS 347 





Figs. 13 and 14. Case 5. The arteriogram shows the markedly enlarged and elongated anterior cho- 
roidal artery (arrow). Despite this there is no accumulation of the contrast material in the phlebogram. 
Galen’s ampulla and vein are obviously depressed (arrows). 


normal. In the phlebogram (Fig. 14), Galen’s ampulla and vein were slightly but 
evidently depressed although an accumulation of the contrast material was not 
visualized. An astrocytoma of the right temporal lobe was our first preoperative 
diagnosis. However, a meningioma of the choroid plexus was not entirely excluded, 
because of the remarkable enlargement and elongation of the anterior choroidal 
artery in the region of the presumed tumor. Further, on comparing the angiogram 
with Torkildsen’s Fig. 16,7 an ependymoma of the right temporal lobe was also con- 
sidered highly probable. 

Operation (February 2). A right temporal craniotomy disclosed that the suspected 
tumor was not a glioma but an encapsulated firm tumor occupying the lateral 
ventricle in the region extending from the central part to the tip of the temporal 
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horn, which was tapped, permitting the escape of watery clear fluid. When the tumor 
was pulled out with ease by guy sutures, it was found to be attached to the choroid 
plexus only. The choroid plexus was considerably enlarged. It was caught by clips 
and divided and the smooth-surfaced tumor was removed without difficulty. The 
wound was closed after the ventricle was filled with physiologic saline solution, 
which remained crystal-clear. 

Postoperative course was uneventful except for a transient motor aphasia. There 
was gradual improvement in function of the facial and hypoglossal nerves. Choking 
of the optic discs was hardly noticeable and the headaches disappeared, but the head 
was still tilted somewhat to the left and 
the uvula deviated to the left at the 
time when she was discharged on March 
13. Weakness of the left hand persisted 
and pseudoataxia was residual. 

It may be of interest to note that re- 
peated carotid angiography performed 1 
month after operation (March 4) re- 
vealed that the anterior choroidal artery 
was no longer demonstrable. 

Pathological Note. The tumor (Fig. 
15) was spherical, measured 6 by 5 by 4 
cm., and weighed 73 gm. The cut surface 
showed a homogeneously gray-white ap- 
pearance and was hard on palpation. 

Histologically, the tumor was of 
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Fig. 15. Case 5. Choroid plexus meningioma 
removed from the right lateral ventricle. Note the 
vascular stalk, and a tag of normal choroid plexus, 


nearly the same variety as those in the 
preceding cases, namely, a transitional 
meningothelial and fibroblastic men- 


picked up by the forceps. ingioma with few whorls and no psam- 


moma bodies. 


COMMENTS AND CONCLUSIONS 


At present the literature is flooded with articles on angiography and its 
findings. But it is generally believed that, in the diagnosis of an intraven- 
tricular tumor, ventriculography is far superior to angiography. In the liter- 
ature, therefore, there are only a few papers dealing with angiograms of such 
tumors. However, in view of the fact that meningiomas of the lateral ven- 
tricles of the brain originate either from the choroid plexus itself (plexus- 
meningioma) or from the vascular fringes of the telae (lateral tumors of the 
velum), it would be quite reasonable to assume that such tumors should 
have their blood supply entirely or, at least, partly from the choroidal plexus 
and, consequently, from the anterior choroidal artery. We had on that ac- 
count supposed that the arteriogram of a meningioma of a lateral ventricle 
might reveal some changes characteristic of that lesion. Engeset (cited by 
Monrad-Krohn"™) was of the opinion that characteristic of meningiomata 
are one or more conspicuously large afferent vessels in the arteriogram, 
whilst in the phlebogram there is often a great accumulation of contrast 
material in the region of the tumor. This view led us to postulate that “one 
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or more conspicuously large afferent vessels’’ might be identical with the 
anterior choroidal artery in the arteriogram of a lateral ventricle meningioma. 
And since a meningioma of a lateral ventricle differs in no way, either macro- 
scopically or microscopically, from any intracranial meningioma of other 
localization but for its seat in the ventricle, we further anticipated that the 
phlebogram of such a tumor might likewise show “‘a great accumulation of 
contrast material in the region of the tumor.” On such assumptions, the an- 
giograms were obtained and analyzed in the 5 cases reported above. The 
angiographic findings in those cases are recapitulated and discussed below: 

1. An arched displacement to the contralateral side of the anterior cerebral 
artery. Not only when a lateral ventricle meningioma is suspected but also in 
cases of increased intracranial pressure only, or so-called pseudotumors, as 
well as in some cases of psychiatric disorder (cf. Case 2 and Lynn-Thomas’ 
case!!), an angiographic study should always be carried out. As a lateral 
ventricle meningioma may be devoid of any localizing symptoms (cf. Cases 
1 and 2) and occurs at least twice more frequently on the left side than on 
the right,!° it is suggested that, in a case in which lateralization is question- 
able, puncture of the carotid artery should preferably be done first on the 
left side and that an anteroposterior exposure be made. When the presence 
of an expanding lesion is undoubtedly shown in this A-P picture, exposures 
for serial lateral pictures should then be made on the suspected side. Besides 
an arched dislocation of the anterior cerebral artery, there may be seen an 
area of hypervascularization corresponding to the region of the tumor (cf. 
Case 1), but this finding alone, speaking from our experience, is scarcely 
helpful for the histological diagnosis. 

2. Signs of marked hydrocephalus. The pericallosal and callosomarginal 
arteries, if demonstrated, are usually elevated and conspicuously stretched 
The more peripheral branches are generally straightened or arranged in 
rather parallel rows, or they appear “‘spinnenbeinartig,” indicating a hydro- 
cephalus. This sign never fails in case of a ventricle tumor, although it may 
be present in cases of other intracranial growths. 

3. Displacement and deformation of the surrounding vessels. This finding 
alone, or together with the findings described above in items 1 and 2, may 
actually be present with any kind of intracranial tumor. In fact, it merely 
indicates the region in which a suspected lesion is situated. Therefore, which 
arteries undergo deformity and dislocation depends merely on the particular 
seat of the tumor. However, it should be noted that even in case of a lateral 
ventricle meningioma, if it involves the adjacent subcortex, the surrounding 
vessels may take part in formation of a hypervascularized area (cf. Case 3: 
Fig. 7). 

Regarding the phlebogram, Galen’s ampulla and vein may be depressed 
(cf. Cases 1, 4 and 5: Figs. 2, 11 and 14). In consideration of the anatomical 
relationship, this finding seems to be rather unique for a tumor in the lat- 
eral ventricle (Moniz schematically illustrated this in his comprehensive 
and excellent monograph, in Fig. 162, p. 198). And particularly since plexus- 
meningiomas appear to arise more often than elsewhere from the region of 
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the glomus (Cushing and Eisenhardt?), depression of Galen’s ampulla and 
vein may be deemed indicative of such tumors. 

4. Enlarged and often elongated anterior choroidal artery which terminates 
in tortuous vascular tangles or network. According to Moniz! the anterior 
choroidal artery, when demonstrated in the lateral arteriogram, is thin and 
150 mm. long, which has a diagnostic value in exceptional cases. However, 
in view of the origin of lateral ventricle meningiomas, it is easily under- 
standable that the anterior choroidal artery should become enlarged, often 
elongated and form, or terminate in, vascular tangles (Cases 1 and 4) and/or 
network (Cases 1, 2 and 3). For in cases of meningioma, it is rather constantly 
seen that the afferent, or nutritional, vessel(s) is greatly enlarged and often 
elongated. And in the case of a lateral ventricle meningioma the afferent 
vessel is either exclusively or, at least, partly the anterior choroidal artery. 

5. A well circumscribed accumulation of contrast material (overshadowing) 
in the phlebogram in the region of the tumor, suggested by items 3 and/or 4. 
This finding is characteristic of any intracranial meningioma, irrespective of 
its localization. But, this finding combined with item 4 seems to be patho- 
gnomonic for a lateral ventricle meningioma, provided item 6 below is es- 
tablished. In passing, it should be mentioned that no accumulation of the 
contrast material may be visible in the phlebogram despite the presence of 
a markedly dilated and elongated anterior choroidal artery (cf. Case 5: Fig. 
14). Ethelberg’ pointed out that there were two angiographic types of me- 
ningioma, one in which the tumor was abundantly vascularized, and another 
in which no conspicuous vascularization could be observed. Case 5 certainly 
belongs to the latter type of Ethelberg. 

6. No evidence of participation of external carotid in the blood supply of the 
tumor. Unlike meningiomas of other common localization, such as parasagit- 
tal, convexity, sphenoidal ridge, olfactory groove, and falx, any blood supply 
to the tumor from the external carotid tributaries, for example from the 
superficial temporal and /or in particular from the middle meningeal arteries, 
should not be demonstrated, because the lateral ventricle meningiomas lie 
either entirely or partly in the ventricle and are not attached to the overly- 
ing dura mater. Should there be, therefore, any “external’’ vascular con- 
nection with the tumor in the presence of item 5, the tumor must be a com- 
mon meningioma with dural attachment rather than one of a lateral ven- 
tricle. 

Not only do the angiograms serve to establish the correct diagnosis pre- 
operatively, but the lateral arteriograms in particular may also guide the 
surgeon in treatment of the vessels attached to the tumor while operating, 
by showing the degree, extent and location of the vascularization of the 
tumor. For instance, the tumor in Case 3 was so hypervascularized and 
large in size (Fig. 7) that, in retrospect, it should have been anticipated that 
total removal was less probable and, consequently, the postoperative prog- 
nosis would be worse than in the remaining cases. 

We have had no personal experience with carotid angiography in case of 
a plexus papilloma or an ependymoma in the lateral ventricle. Shimidzu” 
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described his Case XVI as follows: “Der weiche Tumor verstopft den r. 
Seitenventrikel. Mittlere Partie der A. pericallosa ist stark nach links ver- 
schoben. Der Tumor wird hauptsiichlich durch A. chorioidea ant. dextra 
ernihrt, die etwas dicker als links erscheint.’”’ But the angiograms were not 
presented in his paper and there was no histopathologic note about that soft 
tumor. 

Torkildsen" in the legend of his Figs. 16 and 17, the arteriograms of an 
ependymoma of the temporal lobe, states that the anterior choroidal artery 
is abnormally large and appears stretched. In these figures, however, any 
vascular tangles or network connected with the anterior choroidal artery 
were not found, and the phlebogram was not shown. Riechert’s Fig. 33 is 
the lateral arteriogram of an ependymoma in the lateral ventricle. In that 
picture, however, the anterior choroidal artery is not traceable. 

Originating from the choroid plexus exclusively and possessed histo- 
pathologically of innumerable vessels of varying size in the central core, a 
choroid plexus papilloma may possibly reveal angiographic findings similar 
to those of a lateral ventricle meningioma. Future study will make this 
point clear. 

It is astonishing and worthy of note that the lateral ventricle meningiomas 
met with in our clinic up to the present, totaling 10, constitute approximately 
15 per cent of our small series of intracranial meningiomas. Essbach,° in 
1943, collected from the literature 53 cases of lateral ventricle meningioma. 
Including our 10 cases, we have been able to find no more than 70 cases of 
such tumors to date. But, it has become our impression that the lateral ven- 
tricle may be regarded as one of the most important seats of predilection for 
occurrence of meningiomas, on a par with the parasagittal region, the con- 
vexity, the sphenoidal ridge, the tuberculum sellae, the olfactory groove and 
the falx. 


SUMMARY 


Five cases of lateral ventricle meningioma verified at operation are re- 
ported with special reference to the angiographic findings. 

It is suggested that an angiographic study should always be carried out 
not only when a lateral ventricle meningioma is suspected but also in cases 
of increased intracranial pressure only, or a so-called pseudotumor, as well as 
in some psychiatric patients. If there are no signs of lateralization, carotid 
angiography should be made on the left side first and in the anteroposterior 
direction. 

When this A-P picture indicates an arched displacement of the anterior 
cerebral artery to one side, serial exposures for the lateral views should then 
be made on the suspected side. The presence of an elongated and often en- 
larged anterior choroidal artery terminating in vascular tangles and/or 
network in the region of the probable tumor, indicated by deformity and 
dislocation of the surrounding arteries in the lateral arteriogram, together 
with an accumulation of the contrast material (overshadowing) in the cor- 
responding region in the phlebogram, may be considered quite pathogno- 
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monic for a meningioma of the lateral ventricle. In this case, however, par- 
ticipation of the external carotid in the blood supply of the tumor must be 
absent. Occasionally, the anterior choroidal artery may be only obscurely 
demonstrated, while the phlebogram reveals a characteristic overshadowing 
in the region of the tumor. Conversely, no accumulation of the contrast 
material may be visible in the phlebogram despite the presence of a mark- 
edly dilated and elongated anterior choroidal artery. When the tumor under 
discussion is considerably large in size or adequate in location, Galen’s am- 
pulla and vein may be depressed. Signs of a hydrocephalus are usually very 
pronounced. 

Not only do the angiograms serve to make the correct preoperative diag- 
nosis, but the lateral arteriogram in particular may also guide the surgeon 
in treatment of the vessels attached to the tumor while operating, and enable 
him to foretell the operability, or the postoperative prognosis, by showing 
the degree, extent and location of the vascularization of the tumor. 
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dealing with complications of the central nervous system, frequently 

fatal, following X-ray therapy for tumors or other lesions within or out- 
side the cranium. Of the cases confirmed by biopsy or postmortem examina- 
tion, we found 12 of cerebral necrosis (Fischer and Holfelder,> Markiewicz,® 
Scholz and Hsii,!° O'Connell and Brunschwig,’ Pennybacker and Russell’), 
4 of brain stem (Boden!) and 3 of spinal cord myelitis (Boden,’? Stevenson 
and Eckhardt"). The practical significance of such undesirable complications 
is obvious, besides the theoretical considerations concerning the pathogenesis 
of the effect of X-irradiation. It is for these reasons that we wish to report 
the clinicopathologic findings in 2 cases. 


I: RECENT years, a number of reports have appeared in the literature 


REPORT OF CASES 

Case 1. History. S.M., a negro airman, aged 22 years, had been hospitalized on 
April 22, 1952 because of nasopharyngeal carcinoma which had developed during 
the previous 4 months and later metastasized to the left posterior cervical lymph 
nodes. Between the Ist and 20th of May 1952, the patient was given external irra- 
diation. This was directed through three ports, 3300 r (air) being given to the right, 
1650 r (air) to the left and 1650 r (air) to the back of the nasopharynx-cervical region, 
over a period of 20 days (Table 1). The calculated tissue dose in the center of the 
field was approximately 5000 r. He was then discharged from the hospital and re- 
turned to duty. Repeated follow-up examinations during the ensuing year failed to 
reveal recurrence of tumor. 

Readmission. On May 7, 1953, the patient was readmitted because of progressive 


TABLE 1 








Portal Area Field Size KV MA _ Filter HVL TSD Total Duration 


r (air) 





#1 L. Nasopharynx-cervical 9X20 cm. 220 15 }Cu1Al 1.37Cu 50cm. 3300 20 days 
#2 R. Nasopharynx-cervial 9X1l5cm. 220 15 }Cu1Al 1.37Cu 50cm. 1650 20 days 
#3 L. Occipito-cervical 9X16cem. 220 15 }CulAl 1.37 Cu 50cm. 1650 20 days 








* The statements and conclusions of the authors are the result of their own study and do not neces- 
sarily reflect the policy or opinion of the United States Armed Forces. 
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weakness of his right arm and leg, and loss of temperature sensation in both legs for 
the previous 2 months. 

Examinations. Physical examination was negative with the exception of indura- 
tion of the soft tissues at the site of the previous tumor. Neurological examination 
revealed a spastic-ataxic gait, weakness and hyperreflexia of the right arm and leg, 
bilateral absence of superficial abdominal and cremasteric reflexes, and Babinski 
signs. There was a sensory level to pain and temperature stimulation at the inguinal 
ligament on the right and at D7 on the left. He was mentally clear, speech was 
normal and the cranial nerves were intact. X-ray films of the chest, skull and cer- 





Fig. 1. Case 1. Section of cervical spinal cord showing necrotizing myelitis. Hematoxylin- 
van Gieson stain, X7. 
vical spine were normal. Pantopaque and air myelograms showed no abnormalities. 
The spinal fluid, on two examinations, contained 55 and 65 mg. per cent of protein 
but was otherwise normal. Blood and urine were normal. 

Course. The patient’s neurological disorder continued to progress. By May 20, 
there was weakness of all muscle groups, generalized hyperreflexia and a sensory 
level to pain and temperature sense below C6. Sphincter control was subsequently 
lost. On June 23, there developed impairment of the sense of position in all extremi- 
ties, of vibratory sensation at both ankles and of touch sensation on the right side. 
Because of increasing difficulties in breathing, a tracheotomy was performed and on 
June 28 he was placed in a respirator. He expired on July 3, 1953. 

Autopsy. The essential findings, outside the central nervous system, were fibrosis 
and vascular sclerosis but no tumor in the nasopharynx, and massive pulmonary 
atelectasis. 

Central Nervous System. The brain weighed 1335 gm. and was neither grossly nor 
microscopically remarkable. The cervical region of the spinal cord was swollen and 
friable. Microscopically, all cervical segments showed widespread involvement. The 
white matter had undergone diffuse necrosis and demyelinization which affected the 
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lateral, posterior and anterior columns in order of decreasing severity (Fig. 1). In 
the most necrotic regions there was tissue disintegration, with occasional petechial 
hemorrhages but no reaction. Scattered intramedullary blood vessels were thickened 
because of deposits of a homogeneous “‘fibrinoid”’ substance which stained reddish- 
blue with hematoxylin-eosin stain, and yellowish-brown with hematoxylin-van 
Gieson preparations, but did not stain for amyloid. This substance tended to spread 


: * 
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Fic. 2. Case 1. (A) Necrosis of myelin and “fibrinoid” degeneration of blood vessels in cervical 
cord. Hematoxylin-van Gieson stain, X 100. (B) Extravasation of “fibrinoid” material from the blood 
vessels into the surrounding white matter. Hematoxylin-eosin stain, 200. 
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from the blood vessels into the surrounding tissue, accompanied by exudation of 
degenerating leucocytes (Fig. 2). Despite the severe breakdown of myelin, fat de- 
posits in phagocytes were relatively sparse, glial reaction was limited to scattered 
gitter cells and protoplasmatic astrocytes, and inflammatory reaction was lacking. 
By contrast, the grey matter of the cervical cord showed no signs of disintegration, 
but there were degenerative changes in neurons in the form of “‘axonal reaction”’ ac- 
companied by a more vigorous proliferation of astrocytes and glial fibers, and by 
perivascular and meningeal infiltrations with lymphocytes and plasma cells (Fig. 3). 
Above and below the cervical region, only mild primary changes could be found in 
the lower part of the medulla and upper levels of the dorsal cord. There was however 


distinct Wallerian ascending and descending tract degeneration in all parts of the 
spinal cord. 





Fic. 3. Case 1. Anterior horns of cervical cord showing “axonal” reaction of neurons, proliferation 
of astrocytes and perivascular cuffing with lymphocytes. Hematoxylin-van Gieson stain, X 150. 


Case 2. History. R.H., a white female, aged 37 years, was well until July 1946, 
when, following a minor head injury, headaches and right-sided Jacksonian convul- 
sions developed. In January 1947, Dr. William T. Grant performed a left-sided 
frontotemporal craniotomy after ventriculography had demonstrated a shift of the 
ventricles to the right. At surgery, there was marked thickening of the arachnoid and 
cheesy material overlay the cortex. A biopsy disclosed leptomeningeal scar but no 
tumor tissue. The patient remained well until November 1947, when the focal 
convulsions began to recur. These at first responded to anticonvulsant medication, 
but in December 1948, they became severe enough to require hospitalization. 

Examination at this time revealed aphasia, hyperactivity of all tendon reflexes, 
an equivocal Babinski sign on the right and slight papilloedema. The cerebrospinal 
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fluid showed a pressure of 230 mm. of water, a positive Pandy and a total protein of 
179 mg. per cent. It was felt that there was recurrence of the lesion in the left hemi- 
sphere. However, ventriculography disclosed surprisingly a marked shift to the left. 
Operation. There was a large infiltrating tumor in the right parieto-occipital 
region; 160 gm. of tumor were removed. Histological diagnosis was sarcoma. 
Course. Postoperatively, the patient was given 20 X-ray treatments over a 
period of 25 days through two ports, 2650 r (air) being administered to the right and 
2750 r (air) to the left temporo-parieto-occipital region (Table 2). It was calculated 
that the tissue dose at the midplane of the head at a depth of 7.25 cm. was 3573 r. 


TABLE 2 


Total r 
Portal Area Field Size KV MA HVL F.S, Rate — — Duration 


(air) (skin) 














#1. +R. Temporo-parieto-occipital 10X10cm. 1000 3 2.6mm.Pb 84cm. 20r/min. 2650 3800 25 days 
#2 L. Temporo-parieto-occipital 10X10 cm. 1000 3 2.6mm.Pb 84cm. 20r/min. 2750 3800 25 days 











Treatments were terminated on Jan. 21, 1949 and she was discharged from the 
hospital. 

There were no further symptoms until October 1950, 21 months later, when 
severe convulsions again developed, now associated with signs of progressive mental 
deterioration. 

Examination on readmission, December 1950, disclosed marked impairment of 
memory, constant involuntary movements, bilateral spastic weakness with hyper- 
reflexia and equivocal Babinski signs, a diminution in all sensory modalities on the 
left side and a right homonymous visual field defect. There was, however, no evidence 
of increased intracranial pressure. On the assumption that there might be a recur- 
rence of tumor, ventriculography was performed which now revealed generalized 
dilatation of all ventricles, more marked on the right, and only slight shift to the 
left. An EEG showed irritative foci in both hemispheres. The ventricular fluid con- 
tained 25 mg. per cent of protein. 

Subsequent Course. The patient’s condition progressively deteriorated. She be- 
came completely unaware of her surroundings, showed forced laughing, unintelligible 
speech, torsion movements of the head and pronounced spasticity. Towards the end 
there was marked difficulty in swallowing and coughing and she expired on Oct. 8, 
1952, of bronchopneumonia. 

Autopsy.* Central Nervous System. The brain was severely atrophied bilaterally, 
including the cortex, basal ganglia, and white matter; the ventricles were enlarged 
throughout. There was no gross evidence of tumor. 

Microscopically, two tumor nodules, a few millimeters in size, were found in the 
putamen and substantia nigra on the right side. These showed central areas of necro- 
sis which were bounded by round cells with hyperchromatic nuclei and frequent 
mitoses, and pervaded by a network of reticulin, characteristic of sarcoma (Fig. 4). 
The most conspicuous change, however, was widespread degeneration of both cere- 
bral hemispheres. In the cerebral cortex, the changes were patchy and varied from 
areas of cystic degeneration of the tissue which was held together by glial fibers 


* Acknowledgement is made to Drs. M. Zeifert and J. J. Bocian of Fresno, California, for making 
this material available for study. 
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(Fig. 5) up to foci of diffuse depletion of neurons accompanied by proliferated micro- 
and macroglia. The cerebral white matter was more extensively involved. The mye- 
lin, with the exception of the U-fibers, was largely destroyed, accompanied by mod- 
erate amounts of fat droplets in gitter cells (Fig. 6). A dense gliosis replaced the white 
matter (Fig. 7A) but only scattered blood vessels showed sclerosis and hyalinization 
of their walls (Fig. 7B). There were rare infiltrations with lymphocytes of perivas- 
cular spaces and leptomeninges. Besides the cerebral white matter, the corpus cal- 














Fic. 4. Case 2. Tumor nodule in brain. (A) Round cells with hyperchromatic nuclei. Hematoxylin- 
eosin stain, X 200. (B) Diffuse reticulin. Laidlaw stain, X50. 
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Fig. 5. Case 2. Cystic degeneration of cerebral cortex. Hematoxylin-van Gieson stain, X 100. 


losum, both internal capsules and the right fornix were severely demyelineated. 
There was also bilateral severe spongy degeneration of the putamen and moderate 
3 g 
. . ° ry 4 
gliosis of the caudate nucleus, globus pallidus and thalamus. The lesions extended 
for a short distance into the right side of the tectum and tegmentum of the midbrain 
but the rest of the stem showed ‘only secondary degeneration of the pyramidal tracts. 
There were but mild losses of Purkinje and dentate cells in the cerebellum. 


COMMENT 


The 2 cases reported here illustrate the effects of X-irradiation on the 
central nervous system, similar to those previously described in the litera- 
ture. In both, there was a latent interval following treatment, varying from 
10 months in Case 1, to 21 months in Case 2, before symptoms of radione- 
crosis appeared. The duration of the free interval, as given in the literature, 
has been from 4 months to 7 years. The rapid progress in Case 1 corresponded 
to pathoanatomic findings of an acute necrotizing myelitis associated with 
fibrinoid degeneration of blood vessels and only mild glial response. The more 
protracted course in Case 2, on the other hand, was reflected in a chronic 
pathologic process of cystic degeneration and/or gliosis of grey matter, de- 
myelinization and gliosis of white matter, and sclerosis and hyalinization of 
blood vessels. 

In any attempt at explaining such complications, besides the factor of in- 
dividual susceptibility, the question of excessive dosage deserves primary 
consideration. Boden calculated the tolerance dose to be 4500 r in 17 days 
for small fields and 3500 r in 17 days for large fields, concluding that these 
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Fic. 6. Case 2. Cerebral white matter. (A) Diffuse demyelinization with preservation of U-fibers. 
Weil stain, X32. (B) Accumulation of fat droplets. Scarlet red stain, X 100. 


limits were exceeded in all reported cases of radionecrosis. There has been 
no general agreement, however, about such an estimate of the tolerance dose. 

In experimental irradiation (Davidoff et al.,* Russell et al.,° Clemente and 
Holst’) single high doses of 2000 r and higher were found to produce similar 
effects but could not very well be compared with the graded dosage over a 
long period of time as used in radiation therapy. In a recent communication, 
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Fic. 7. Case 2. (A) Diffuse gliosis. Holzer stain, X32. (B) Sclerosis and hyalinization of blood 
vessels in white matter. Hematoxylin-van Gieson stain, X 100. 


Clemente and Holst’ found that while single doses of 4500-6000 r applied to 
monkeys produced immediate brain changes, chiefly in the hypothalamus 
and medulla, doses of 1500 r resulted in delayed effects of cortical and sub- 
cortical myelin breakdown. It would seem that the changes observed in 
clinical material most closely resemble the findings in chronic animal prepa- 
rations as reported by Clemente and Holst. In both conditions, the effect 
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is delayed, diffuse and primarily on myelin with little effect on the hypo- 
thalamus or medulla. 

These observations may also bear on the question of the pathogenesis of 
the effect of X-irradiation. In the literature, a divergence of opinion exists 
as to whether we are dealing here primarily with a vascular or a parenchymal 
effect. In our cases both phenomena were noted, but the vascular change 
was distinctly limited in extent compared with the widespread disintegration 
of the parenchyma. In some cases reported in the literature, the reverse ap- 
pears to have occurred. It might be that such differences are also related to 

variations in dosage. Thus, with high doses, Clemente and Holst produced 
intense changes in the blood-brain barrier, but apparently not with lower 
doses, in which case a more direct parenchymal effect was noted. 

Of practical importance is the question of the incidence of radiation 
necrosis. Boden estimated it to be as high as 25 per cent, occurring in 11 
of his 41 cases of irradiation of the brain stem or cervical cord. On the other 
hand, Pennybacker and Russell found only 5 in 113 eases of irradiation of the 
brain. The latter suspected, however, that it is more common than is gen- 
erally assumed but that the exact incidence is obscured by such factors as 
necrosis in the tumor tissue itself, the early death from malignant tumors 
before delayed necrosis has had time to develop and by insufficient post- 
mortem examination. 

SUMMARY 

1. Two cases of delayed radiation necrosis of the central nervous system 
are reported, clinically and pathoanatomically. 

2. The problems of dosage, pathogenesis and incidence of such complica- 
tions are discussed in the light of a review of the literature. 
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peripheral anastomoses between intracerebral arteries. For one thing, 

the type of case required is one in which there is an occlusion of the 
proximal part of a major cerebral artery, and this is not often encountered 
in routine angiography. For another, the angiogram will not be revealing 
unless the exposure happens to be made at the precise instant of passage of 
contrast substance through the collateral vessels. 

Occlusive thrombosis of the proximal segment of a cerebral artery is not 
common, and the diagnosis is made clinically more often than justified by 
either angiographic or autopsy data. As more studies, both from angiog- 
raphy and autopsy, have become available the impression is gained that 
cerebral infarction caused by thrombosis is much more often the result of 
carotid occlusion than of cerebral artery occlusion.*: In the literature on 
angiography there is a striking preponderance of cases of carotid throm- 
bosis.1°-18.21,22,32.34 Proximal thrombosis of a cerebral vessel is infrequently 
illustrated by angiograms.” Krayenbiihl'’ has reported 2 cases of thrombo- 
sis of the middle cerebral artery and 4 of the anterior cerebral, all verified by 
angiography, but there were in the same series 18 cases of carotid throm- 
bosis. 

Other cases suitable for the study of the collateral circulation are those 
in which the patients have survived imperative and unavoidable ligation of 
a major cerebral artery. Postoperative angiograms may then reveal the 
extent of the collateral circulation in the territory of the occluded vessel. 

The first case described here is one of segmental thrombosis of the proxi- 
mal part of the right middle cerebral artery. It represents an ideal, though 
unfortunate, natural experiment for the demonstration of the functional 
validity of the meningeal arterial anastomoses inasmuch as retrograde filling 
of the proximally occluded middle cerebral artery is shown to occur from 
branches of the anterior cerebral. The second case also demonstrates this 
retrograde filling. It is one in which the right middle cerebral artery had 
been permanently occluded in the Sylvian fissure during isolation of an 


‘\ OPPORTUNITY does not often arise to observe the functioning of the 
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aneurysm, and in which complete recovery from a total hemiplegia subse- 
quently took place. The angiograms of the third case demonstrate flow in 
the reverse direction, from the middle to the anterior cerebral artery. For 
this to occur, the proximal connections of the anterior cerebral artery with 
the circle of Willis must be completely interrupted. This condition was met in 
this case because the left anterior cerebral had been clipped in the course of 
isolating an aneurysm of the anterior communicating artery, and the right 
anterior cerebral had undergone postoperative thrombosis. 


CASE REPORTS 


Case 1. On Nov. 11, 1953, a 53-year-old girl, previously well, suddenly had numb- 
ness of the left foot, followed by numbness and then paralysis of the left leg and arm. 
The child’s mother noted drooping of the left side of the face, with drooling from 
the corner of the mouth. There were no convulsive movements, nor was there loss of 
consciousness. The paralysis cleared within an hour. Two days later this episode was 
repeated, lasting 30 minutes, and on November 15 there was paralysis of the left foot 
for 10 minutes. She was seen as an outpatient on November 17, and admitted for 
study. 

Examination. At this time no neurological changes could be detected. The visual 
fields were normal. Blood count, urinalysis and x-rays of the skull were normal. 

On the evening of November 18, generalized headache developed. The tempera- 
ture was 100.2°F., and she appeared ill. When seen the next morning she had a 
flaccid left hemiplegia. Deep tendon reflexes were markedly depressed on the left. 
The left plantar response was extensor. The tongue protruded to the left and eleva- 
tion of the left shoulder was weak. There was no impairment of consciousness, no 
speech difficulty or field defect. The neck was not stiff. 

Angiography. A vascular malformation was suspected and right common carotid 
angiography was done. Ten cc. of 35 per cent diodrast were injected and three ex- 
posures were made in the lateral position, at intervals of approximately 1 sec., the 
cassettes being pulled by hand. This was repeated to obtain stereoscopic lateral 
films, and then a third injection was made for a single AP film. In the first film in 
the series filling of the anterior cerebral artery to the posterior limits of the perical- 
losal and callosomarginal branches was seen (Fig. 1). There was no evident filling 
of the middle cerebral artery. A fine vessel running obliquely across the territory of 
the middle cerebral was considered to be the superficial temporal artery. On the sec- 
ond film, made 1 sec. later, retrograde filling of the middle cerebral from the internal 
frontal branches of the callosomarginal artery was seen (Fig. 2). A diagnosis of 
thrombosis of the most proximal segment of the middle cerebral artery was made. 
Rheumatic fever and subacute bacterial endocarditis were excluded as etiologic 
possibilities. 

Course. For treatment following the arteriography CO, inhalations were given 
to produce vasodilatation of the collateral vessels, but this did not noticeably in- 
fluence the paralysis. A single stellate block was also without effect. Within the first 
week there was return of reflexes and tone to the left lower extremity and lessening 
of the left facial weakness. On a supervised program of physical rehabilitation 
gradual improvement was noted, so that on December 3 it was recorded that there 
was some return of power in the left hip flexors and commencing contraction of the 
left quadriceps. 
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Fic. 1. Case 1. The anterior cerebral artery and its branches are filled; the middle cerebral is not. 
ST =superficial temporal artery. 





Fic. 2. Case 1. Exposure made 1 second after Fig. 1. Retrograde filling of the middle cerebral 
(MC) from the internal frontal branches of the callosomarginal is seen. P=parietal artery. 
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When seen for follow-up examination 2 months later she walked with a hemi- 
plegic gait. Associated movements of the left arm were lacking. There was shortening 
of the Achilles tendon as a result of the extension of the foot. The hand was, for prac- 
tical purposes, functionless. It was pronated and the fingers were flexed, but the 
biceps and triceps and shoulder girdle movements were good. Spasticity, with hyper- 
reflexia, and an extensor plantar response were present. The left facial weakness 
was barely discernible. Two-point discrimination, position sense, and tests for stere- 
ognosis were normal. There was no field defect. She had been enrolled in school and 
was attending regularly. 


Summary. A 53-year-old child had three episodes of transient left-sided 
weakness within 1 week, culminating, on the fourth attack, in a flaccid 
hemiplegia. On right carotid angiograms segmental thrombosis of the most 
proximal part of the middle cerebral artery was seen (Fig. 1), with excellent 
retrograde filling of the distal part of the middle cerebral from branches of 
the anterior cerebral (Fig. 2). A very limited recovery from paralysis was 
subsequently made. 


Case 2. A 30-year-old woman, on Oct. 3, 1953, suffered a subarachnoid hemor- 
rhage, followed by five convulsive seizures. 

Examination. Weakness of the left extremities and a left extensor plantar re- 
sponse were noted. There was a large subhyaloid hemorrhage in the right retina, 
with loss of central vision, and minute scattered hemorrhages were present in the 
left retina. There was focal headache behind the right eye. 

Within the next week the headache diminished and focal neurological signs dis- 
appeared, except for a large central scotoma on the right. B.P. was 114/68. There 
was no cortical sensory loss. 

A diagnosis of rupture of an intracerebral aneurysm was made. 

1st Angiography. On October 16 right common carotid angiography was done 
and an aneurysm of the middle cerebral artery, 1.3 cm. in diameter, and located 2 
cm. from the bifurcation of the carotid, was seen. On the AP film filling of the left 
side was also obtained by compression of the left carotid during the injection. No 
lesion was seen on the left. A vertebral angiogram was also normal. 

Operation. On Oct. 19, 1953, right frontotemporal craniotomy was done. The 
dura mater was blue, and when it was incised a large quantity of xanthochromic 
fluid escaped. A subdural hematoma, 0.5 cm. in thickness, was present over the hemi- 
sphere. The brain pressure was too high for proximal control of the middle cerebral 
artery to be achieved. The aneurysm was then directly approached through the 
superior temporal convolution; its dome was uncovered 1 inch beneath the cortex, 
and it was isolated and collapsed by clipping one large entering and two leaving 
vessels. These vessels were thought to be branches of the middle cerebral and not 
the main trunk. 

Prior to the direct exposure of the aneurysm 25 mg. of hexamethonium chloride 
were given. During the application of clips to the vessels the blood pressure was 
60-70/40. During the closure of the wound it rose to 70-90/50. 

Course. Immediately postoperatively, when the depth of anesthesia had lightened 
and while the blood pressure was still in this range, examination of the patient was 
done. The right extremities withdrew from painful stimuli; the left did not. The skin 
was cold, her color ashen. As transfusion was continued her color improved, and 2 
hours after the previous examination the blood pressure rose to 100/60, and a with- 
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drawal response to pin prick was elicited from the left foot and leg. There was no 
response from the upper extremity. The next day she could move and lift the leg, 
and feeble movements of the shoulder were present. On the 2nd postoperative day 
weak flexion of the elbow returned. 

On October 23 (4 days postoperative) the following notes were made: ‘“There is 
good spontaneous recovery of the left leg, but the arm has lagged. There is adequate 
functional power in all hip groups, left quadriceps and hamstrings. The foot shows 
only a trace of movement. Scapular fixation is fair, and there are some gross shoulder 
movements through a limited range. There is no function below the elbow.” 

On November 4 (15 days postoperative) : “In the leg there is full use of all groups 
except for dorsiflexion of the foot. Eversion is poor. There is weakness of the glutei, 
lateral hamstrings, and the soleus group. Internal rotation of the hip is poor. In the 
arm there is recovery of the scapular fixators and the deltoid. The elbow groups are 
good, including the triceps. Pronators are stronger than supinators. There is re- 
markably good power in the fingers, though the thumb groups are still weak.” 

By November 17 she was walking; the gait was spastic. The left facial weakness 
was still present, the tendon reflexes were hyperactive on the left, and a left extensor 
plantar response was present. Movements of the left arm and hand were good, 
though paretic. 

On Nov. 19, 1953, the day of discharge, an evaluation of muscle function was as 
follows: “She walks well and bends the knee and ankle in the swinging phase. Hand 
function is good, and is better than shoulder function. Deltoid, biceps, and triceps 
are good. Thumb extension, flexion, abduction and opposition are only fair.” 

On Feb. 4, 1954, the patient was seen for follow-up examination. She stated her 
activity had recently been unlimited and included golf. The neurological improve- 
ment was remarkable. The gait was normal, without spasticity or circumduction. 
The left foot dorsiflexed well. The arm swung in walking. Gross muscle testing re- 
vealed good strength everywhere. Precise movements of the fingers, and alternating 
movements of the hand, were done accurately. Reflexes were hyperactive in the left 
arm and leg. There was no increased tone on passive manipulation of the arm or leg. 
The plantar response was indefinite. Facial weakness was barely discernible. Two- 
point discrimination was normal. No field defect could be detected on confrontation. 

2nd Angiography. Right common carotid angiography was repeated. On the first 
film in the series normal filling of the anterior cerebral, the posterior communicating, 
and the posterior cerebral arteries was seen (Fig. 3). The presence of an additional 
pedunculated aneurysm at the point of origin of the posterior communicating artery 
was noted. Hemostatic clips were seen on the previous aneurysmal sac and on the 
middle cerebral artery. On the AP film the proximal one inch of the middle cerebral 
was seen to fill faintly but definitely. Distal to the clips the occlusion of the vessel 
was apparent. On the second film, approximately 1 sec. later, there was reflux filling 
from branches (L', L?, L*) of the anterior and posterior cerebrals into the middle 
cerebral (Fig. 4). The latter vessel was faintly outlined, but it was exactly similar, 
branch for branch, to its preoperative configuration. 

Summary. A 30-year-old woman, following a subarachnoid hemorrhage, 
was shown by angiography to have an aneurysm of the right middle cerebral 
artery in the Sylvian fissure. At operation, with hexamethonium as an ad- 
junct, the aneurysm was isolated and collapsed by hemostatic clips. Imme- 
diately postoperatively, while hypotension still persisted, the right extremi- 
ties withdrew from painful stimuli, the left did not. With return of the blood 
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pressure to its normal level, response to painful stimuli could then be elicited 
from the left foot and leg. Recovery of function from this point on was rapid. 
Four weeks later there was only minor residual weakness in the hand. Ex- 
amination 33 months postoperatively disclosed only left-sided hyperreflexia, 
with normal function in the arm and leg. Right carotid angiography was 
repeated and it was seen that the middle cerebral had been completely oc- 
cluded at operation (Fig. 3). In addition, retrograde filling of the distal por- 





Fic. 3. Case 2. The anterior and posterior cerebrals are seen. The hemostatic clips are on the col- 
lapsed and isolated aneurysm of the middle cerebral; this vessel is occluded, and does not fill. 


tion of the middle cerebral from branches of the anterior and posterior 
cerebrals was noted (Fig. 4). 


Case 3. A 33-year-old woman with a 6-year history of essential hypertension 
(B.P. 170/110) had a sudden headache on March 29, 1953, collapsed, and was ad- 
mitted to a hospital. No localizing neurological signs were noted but there was con- 
fusion, restlessness, and nuchal rigidity. The spinal fluid initially was bloody. On 
April 1 it was xanthochromic, but on April 7 it was again bloody, and she was trans- 
ferred to Letterman Army Hospital on April 9. 

Examination. B.P. was 160/94. She was cachectic, mentally obtunded, and co- 
operated in the examination only with great difficulty. There was a large subhyaloid 
hemorrhage in the left retina. All extremities were weak, the right lower being the 
worst. Deep tendon reflexes were equally depressed everywhere. There was a right 
extensor plantar response, and abdominal reflexes were absent on the right. There 
was no cranial bruit. The pupils were equal and reacted normally, no ocular palsy 
was noted, and corneal sensitivity was normal. 

1st Angiography. An aneurysm was suspected, and so on April 14 left internal 
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carotid angiography was done. On the films a 7 mm. aneurysm of the left anterior 
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cerebral, at its junction with the anterior communicating, was seen. The aneurysm 
did not fill when the right carotid was injected. 

Course. On ventriculography, done on April 20, dilatation of the entire ventricu- 
lar system, without evidence of a focal intracerebrai hemorrhage was seen. On April 
23 she had a generalized seizure followed by coma, and lumbar puncture yielded 
markedly bloody fluid. 

Operation. A left frontal craniotomy was done, and the left anterior cerebral 
artery was clipped proximal and distal to the aneurysm. 

Course. The following morning she was awake, spoke a few words, and moved 
all extremities, but in the next several days her condition deteriorated into the akine- 
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Fic. 4. Case 2. Exposure made 1 second after Fig. 3. Retrograde filling of the candelabra (MC) 
of the middle cerebral through anastomotic loops (L', L?, L’) of the anterior and posterior cerebrals is 
seen. A=angular artery. 


tic state so aptly called coma vigil. The ventriculogram was repeated on May 4, and 
progressive dilatation of the ventricles was noted. 

2nd Angiography. Right internal carotid angiography was done on May 11. On 
the first film (Fig. 5), a small amount of diodrast was visible in the most proximal 
portion of the right anterior cerebral artery (AC); the remainder of the vessel did 
not fill. The candelabra of the middle cerebral artery was outstanding. On the third 
film in the series, made 2 or 3 sec. later, diodrast was seen in the internal cerebral 
veins and straight sinus (Fig. 6). The striking finding was the late filling of the cal- 
losomarginal artery (CM) and its frontal branches. This was interpreted as reflux 
filling from the middle cerebral. 

Course. Her inertia was profound. She made feeble movements of the arms and 
legs in response to pin prick, but there was no spontaneous effort. The eyes were 
wide, fixed and staring. She regressed gradually, the terminal course being com- 
plicated by an ependymitis, which occurred following ventricular puncture, and she 
expired on Aug. 27, 1953. 
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Fic. 5. Case 3. The anterior cerebral underwent postoperative thrombosis and only its most proxi- 
mal portion (AC) is seen. The candelabra of the middle cerebral is outstanding. 


Autopsy. The pertinent findings in the examination of the brain were: (1) the 
aneurysm of the left anterior cerebral artery and thrombosis of both anterior cere- 
brals; (2) softening of the inferior cingulate region, the recto-orbital area, the rostrum 
of the corpus callosum, and the inferior portion of the corpus striatum on the left; 
softening of the inferior cingulate region on the right; (3) atherosclerosis and arterio- 
lar sclerosis of the cerebral vessels. 


Summary. A 33-year-old woman, with essential hypertension, suffered 
three subarachnoid hemorrhages from an aneurysm of the anterior commu- 
nicating artery. Since the aneurysm was shown on angiography to fill from 
the left carotid but not from the right, the left anterior cerebral was clipped 
proximal and distal to the aneurysm. On postoperative right carotid angio- 
grams occlusion of the right anterior cerebral was seen (Fig. 5), and this was 
presumed to be caused by thrombosis. Both anterior cerebrals were there- 
fore occluded. The right anterior cerebral artery, distal to the occlusion, 
filled from branches of the middle cerebral (Fig. 6). The course was one of 
progressive deterioration over a 4-month period. Postmortem examination 
of the brain disclosed extensive softening in the territory of the left anterior 
cerebral, and moderate cerebral atherosclerosis. 


DISCUSSION 


Many anatomical studies on the subject of peripheral anastomoses be- 
tween cerebral vessels are to be found in the literature,**:?-1-?5.?9 and on the 
basis of these studies it has long been known, in a general way, that the cere- 
bral arteries are peripherally confluent. Microscopic preparations of these 
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areas of confluence have shown the existence of widespread capillary and 
arterial anastomoses in the cerebral cortex and pia-arachnoid.'® *:74.> Never- 
theless, impetus and direction were given this subject through the publica- 
tion by Vander Eecken and Adams* of their paper on “The anatomy and 
functional significance of the meningeal arterial anastomoses of the human 
brain.” In this publication specific dissectable meningeal anastomotic chan- 
nels were described, correlations were made with clinical and pathologic 
findings in cerebrovascular thrombosis, and the physiologic mechanisms by 
which the cerebral cortex is protected against ischemia were discussed. Para- 
mount among their conclusions was the importance of the role played in col- 
lateral circulation by the meningeal arterial anastomoses. Our clinical ob- 
servations support this to the fullest degree. 

The principal anastomotic channels they listed* are as follows: Between 
the internal frontal branches of the callosomarginal, the paracentral branch, 
and the precuneal branch (all from anterior cerebral) and, respectively, the 
precentral, central, and parietal branches (all from middle cerebral); be- 
tween the angular branch of the middle cerebral and the parieto-occipital 
branch of the posterior cerebral; and between the precuneal or posterior 
callosal branches of the anterior cerebral and the parieto-occipital branch of 
the posterior cerebral. Regarding the number and the total size of these anas- 
tomotic channels the same authors found that the anterior cerebral-middle 
cerebral anastomosis had the greatest total width, with the middle cerebral- 
posterior cerebral following closely, and the anterior cerebral-posterior 
cerebral by far the lowest. It was also found that the over-all meningeal 





Fic. 6. Case 3. Exposure made 2-3 seconds after Fig. 5. Filling is in the venous phase but late 
retrograde filling of the callosomarginal (CM) and its internal frontal branches (F', F*) is seen. 
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anastomotic bed in some specimens was as much as twice that in others. As 
they point out, this latter variability, and the extent to which arterio- 
sclerosis may compromise the total anastomotic bed, will together con- 
stitute a major influence in determining the outcome following an occlusive 
accident. Since each major vessel has a constant territorial distribution, 
it is clear that the variability in the consequences of occlusion of any one 
vessel will depend largely on the efficiency of the collateral circulation. “In 
cases in which anastomotic vessels are large and numerous, occlusion of a 
large brain artery causes less extensive infarction than if these vessels were 
small and poorly developed.” 

Angiographic evidence of this peripheral collateral circulation was al- 
ready available when the above conclusions were reached, but went largely 
unnoticed. In a long dissertation on the normal and abnormal angiography 
of the anterior cerebral artery Ethelberg™ discussed and illustrated the col- 
lateral circulation in 2 cases of occlusion of the middle cerebral artery. His 
figures show the overflow from the anterior cerebral into the territory of the 
middle cerebral. This was recognized as reflux filling, and the significance of 
this in attenuating the symptoms of proximal cerebrovascular occlusion was 
clearly stated: ““Depending on the degree to which collateral circulation has 
been developed, symptoms may never occur... or they may display the 
whole gamut from the faintest to the fully developed svndrome of the middle 
cerebral artery.””™ 

Examination of the angiograms in Case 1 should leave no doubt that 
collateral circulation indeed occurs. It will be noted that the reflux filling of 
the middle cerebral stops short of the carotid siphon, leaving a filling defect 
which may represent the occluding thrombus (Fig. 2). The presence of this 
defect makes it impossible to interpret the late appearance of the middle 
cerebral artery simply as delayed filling from the carotid. The conclusion is 
inescapable that the middle cerebral filled from the anterior cerebral through 
anastomotic vessels. In Fig. 3 (Case 2) the operative occlusion of the middle 
cerebral artery is seen. The most proximal clip is 1 inch from the bifurcation 
of the internal carotid. In Fig. 4, 1 second later, the reflux filling of the mid- 
dle cerebral (MC) through anastomotic loops (L’, L?, L’) from the anterior 
and posterior cerebrals is demonstrated. In Fig. 6 (Case 3), where both anter- 
ior cerebrals have been occluded, retrograde filling from the middle cerebral 
into the callosomarginal artery and its branches is seen. Taken altogether 
these findings are strong evidence that the meningeal arterial anastomoses 
function to join all three cerebral arteries. Indeed, Petersen and Evans” had 
remarked long ago that “. . . clipping of the middle cerebral artery near its 
origin does not result in a cessation of flow in the tributaries of the artery,” 
and Hain et al.,!® have observed experimentally the refilling of the distal part 
of the middle cerebral after proximal clipping. 

The angiograms are also in fine agreement with the anatomical descrip- 
tion of the principal anastomotic channels. For example, in Fig. 2 the an- 
gular artery, the most posterior branch of the middle cerebral, is not filled. 
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At first glance the impression is gained that the middle cerebral group as a 
whole is elevated. Actually, however, this is not so, for the most posterior 
branch seen conforms in position not with the angular but with the post- 
parietal artery (P). The angular artery is absent. The explanation for this 
would be obscure were it not known from anatomical studies* that the post- 
parietal artery is the most posterior branch of the middle cerebral that can 
be filled from the anterior cerebral, and that the angular artery fills only 
from branches of the posterior cerebral artery. This latter point is further 
illustrated in Fig. 4, where branches (L’*) from the posterior cerebral into 
the angular artery (A) can be traced. 

A very good anatomico-pathological correlation comes out of concurrent 
analysis of Cases 1 and 2. In Case 1 the middle cerebral was occluded by a 
segmental thrombus immediately distal to its origin from the internal caro- 
tid. This is precisely the area of origin of the anterolateral striate arteries, 
which must also, therefore, have been occluded. These vessels, which nor- 
mally contribute to the blood supply of the internal capsule and basal ganglia, 
belong to the paramedian group of perforating arteries and partake in no 
anastomoses outside the domain of their distribution. In Case 2 the most 
proximal clip occluding the middle cerebral was placed almost 1 inch from the 
bifureation of the carotid. In the postoperative anteroposterior angiogram 
there was filling of the proximal segment of the middle cerebral and one may 
assume that the striate branches were patent. The clinical difference be- 
tween the patients is remarkable. The first had a spastic hemiplegia; the 
second made a complete functional recovery, even to the presence of finger 
dexterity. If one considers that in the angiograms of each case there were 
functioning meningeal arterial anastomoses, it will be apparent that the dif- 
ference is caused by occlusion of the perforating arteries with infarction of 
the internal capsule in the first case and not in the second. In connection 
with this, Case 1 of Vander Eecken and Adams* may be cited. Here there 
was an occlusion of the middle cerebral just beyond the origin of the anterior 
choroidal artery, yet at postmortem examination only a small cortical in- 
farction surrounding the Sylvian fissure was seen, the striking finding being 
a cyst which replaced the putamen, outer segment of the globus pallidus, 
internal capsule and body of the caudate nucleus. From all these facts one 
may arrive at the general conclusion that, in some cases at least, the anterior 
and posterior cerebral arteries are capable of taking over the cortical vascular 
territory of the middle cerebral and that the paralysis that follows occlusion 
of the middle cerebral at its origin is then capsular and not cortical in origin. 
One can only repeat that ““The most devastating effects of vascular occlusion 
are nearly always in the basal ganglia and brain stem. It is, indeed, unfortu- 
nate that these parts are supplied solely by non-anastomosing, penetrating 
arteries... .”"3 

On the other hand, the mere demonstration by angiography of function- 
ing meningeal arterial anastomoses is no assurance that the pressure within 
the anastomotic vessels is high enough to prevent ischemia. From a study of 
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Case 3 it is obvious that collateral circulation may coexist with extensive 
softening. This is not surprising, and it has been previously suspected." 
One of the most important factors determining the peripheral resistance 
within the anastomotic vessels is the extent to which they are affected by 
arteriosclerosis. In Case 3 there was a 6-year history of essential hypertension 
and at necropsy moderate atherosclerosis and arteriolar sclerosis of cerebral 
vessels were found. A situation thus existed in which the anastomotic ves- 
sels, though patent to the passage of diodrast, resisted the passage of blood 
sufficiently to render no practical collateral service. It is only safe to say 
that any optimism regarding the functional capacity of the collateral circu- 
lation is not justified when arteriosclerosis is known to exist. 

A question has also been raised as to the role played by systemic blood 
pressure at the critical moment of vascular occlusion, when the collateral 
circulation must function if tissue is to survive. In 1939 Poppen*® observed 
that ligation of the anterior cerebral arteries could be accomplished without 
untoward changes in the state of consciousness provided the blood pressure 
was maintained, but when hypotension supervened ligation was then fol- 
lowed by permanent unconsciousness. Schorstein®’ noted that catastrophes 
resulting from carotid ligation were most numerous when there was coexist- 
ent systemic hypotension, and remarked that “The results of carotid liga- 
tion are dependent . . . on the systemic blood pressure which is so important 
in maintaining the efficiency of the cerebral circulation.”’ In experimental 
occlusion of both anterior cerebrals in monkeys, with and without systemic 
hypotension, Thompson and Rhode* stated that “. . . with increasing grades 
of hypotension, collateral circulation to the ischemic neurons is progressively 
decreased with resultant neurologic sequelae. Conversely, . . . maintenance 
of normal blood pressure permits maximum benefit to be derived from col- 
lateral circulation, with minimal neurologic sequelae.”’ A similar investiga- 
tion was carried out by Thompson and Smith*! with regard to occlusion of 
the middle cerebral artery. They remarked that ‘‘In both dogs and monkeys 
with normal blood pressure the exposed cortex surface showed no visible 
change following occlusion. With arterial hypotension, however, the surface 
vessels showed sluggish refilling as compared to the pre-occlusion filling. . . . 
In the hypotensive monkeys a complete permanent hemiplegia resulted. 
... The monkey ligated with normal systemic pressure quickly regained his 
strength and within twenty-four hours was, for practical purposes, function- 
ing normally.” At subsequent postmortem examination the animals under- 
going hypotensive occlusion showed gross cortical atrophy and reduction in 
ganglion cells, whereas the normotensive animals showed only minimal 
histologic variation. With regard to this an interesting and pertinent clinical 
observation may be cited. In discussion of the above paper Aring*® stated 
that “Physicians are becoming aware of the cerebral debut of coronary oc- 
clusion, the ineffectual cardiac muscle delivering an unsatisfactory supply of 
blood to areas of the brain whose vessels perhaps had been previously com- 
promised. ... The stroke may... represent the most obtrusive sign of 
coronary occlusion.” 
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In Case 2 interesting observations were made in this connection. During 
the isolation of the aneurysm the blood pressure was kept in the range of 
60-70 /40 by the administration of hexamethonium. During the final stages 
of closure the range was 70—90/50. Two hours after the right middle cerebral 
artery had been permanently occluded, and while the blood pressure was at 
the latter level, the patient had recovered sufficiently from the anesthetic 
to allow of examination. There was a good withdrawal response to pin prick 
in the right face, arm, and leg, but none on the left. Within the next 2 hours 
the skin color changed from ashen to pink, the blood pressure stabilized at 
100-110/60, and withdrawal of the left foot and leg in response to pin prick 
appeared. From this point on there was progressive improvement, which is 
described in detail in the case report. 

For the ultimate recovery in this case, in which the occlusion of the ves- 
sel was acute and complete, one must give full recognition to the circulatory 
capacity of the system of meningeal arterial anastomoses, but this capacity 
might not have been realized had the blood pressure remained longer below 
the critical level. It would be difficult to overestimate the importance of the 
systemic blood pressure in a situation such as this. It is clear that the pres- 
sure within the feeding vessels is the only force available to overcome the 
peripheral resistance within the anastomotic bed. Assuming that the periph- 
eral resistance remains constant, a drop in systemic blood pressure would 
naturally embarrass the collateral circulation. Actually, some adjustment 
would occur at a lower level of pressure, for the peripheral resistance would 
then diminish in response to local anoxia and vasodilatation. However, the 
balance between systemic blood pressure and peripheral resistance should, 
ideally, always be kept above the level at which anoxia comes into play. 
Where this balance is and how high the blood pressure must be maintained 
to serve the collateral circulation cannot be said, but on the basis of these 
theoretical considerations it may be concluded that deliberate systemic 
hypotension (which cannot be quickly reversed) is to be avoided during oper- 
ations for intracranial aneurysms, in which the possibility of having to ligate 
a major artery always exists. The corollary of this was given by Fulton® 
in the discussion of the paper by Thompson and Smith,*! when he stated 
that ““No major cerebral vessel should be occluded when the blood pressure 
is low, if this can possibly be avoided.”’ In the surgical approach to lesions of 
the major vessels proximal control of the vessel itself, for example by a loop 
ligature, as described by Campbell and Burklund,’ is the ideal method of 
achieving control and minimizing blood loss. In this way the regulatory 
mechanisms that will be required to come into play instantaneously follow- 
ing an imperative ligation will have the greatest freedom to do so. 

We do not wish to introduce any optimism into the surgical management 
of aneurysms of the middle cerebral artery, but only to point out that the 
catastrophe of permanent paralysis following occlusion of the vessel is not 
necessarily inevitable.'’ The reason for suggesting this is not only the good 
fortune of having witnessed a complete recovery in such an instance but 
also the knowledge that some insight into the mechanism of the peripheral 
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collateral circulation has now been gained. The facts appear to be these: 
That if the middle cerebral artery is occluded distal to the origin of the 
anterolateral striate branches in a young person when arteriosclerosis is 
not a factor and when there has been no concomitant period of severe hypo- 
tension, then under these circumstances the conditions are optimal for re- 
covery of function. The basis for this recovery would be the assumption by 
the anterior and posterior cerebral arteries of the vascular supply of the oc- 
cluded area by means of the meningeal arterial anastomoses. 


SUMMARY 


Following occlusion of a major cerebral artery, collateral circulation 
occurs by means of the meningeal arterial anastomoses to the extent that 
retrograde filling of the occluded vessel can be seen on angiograms. Three 
cases illustrating this are described. In the first, there was a segmental throm- 
botic occlusion of the most proximal part of the middle cerebral, and a very 
adequate collateral circulation from the anterior cerebral is shown. In the 
second case the middle cerebral was occluded by a hemostatic clip at a point 
1 inch from its origin, and reflux filling of the distal part of the vessel by col- 
laterals from the anterior and posterior cerebrals is shown. In the third case, 
in which both anterior cerebrals were occluded, retrograde filling of the 
callosomarginal artery is shown to occur through the anastomotic branches 
of the middle cerebral artery. Providing optimal conditions exist, this 
collateral circulation is effective in taking over the vascular supply of the 
cortical territory of an occluded vessel. The second case, in which there 
was an acute complete occlusion of the middle cerebral with immediate 
hemiplegia followed by rapid total recovery of function, is presented in sup- 
port of this. 
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ceived by Spiller‘ and developed by Frazier,’ has been useful in the 

control of lower-body pain. Many carefully conducted studies have 
been reported relative to the precise position in the anterolateral cord quad- 
rant of pain and temperature fibers from specific body areas. These studies 
have shown a degree of spatial predilection for area representation, but in 
clinical cases of severe pain, the most satisfactory results have followed as 
near as possible complete transection of the anterolateral quadrant of the 
cord. 

The technique of cordotomy has evolved since its origin,* chiefly in per- 
fection of a rather fixed surgical pattern. In general, this has consisted of 
resecting 2 or 3 spinal laminae, opening the dura mater and arachnoid in the 
midline, and severing at least 2, and often 3, pairs of attachments of the 
dentate ligament from the dura mater. By traction upon a dentation of the 
ligament, the cord is rolled as completely upon its side as possible. The de- 
gree of rotation is limited by the resistance of the nearby anterior and pos- 
terior nerve roots. A knife or a hook of some type then is introduced into the 
cord and a cut is made through the anterolateral quadrant as nearby as pos- 
sible to a predetermined depth and extent. Several surgeons have empha- 
sized that after the section, the patient should be awakened, if he is anesthe- 
tized, and the level of analgesia be tested to insure its adequacy. 

The application of this technique has been followed by results and com- 
plications so variable from surgeon to surgeon, and from patient to patient, 
that the value of the procedure is by no means commonly accepted. Par- 
ticularly dubious are physicians in other fields, who must care for the pa- 
tients after operation. 

Several years ago the writer began to doubt the validity of several of the 
standard assumptions basic for the existing operation. Progressive modifica- 
tions in technique have gradually resulted in an operation considerably dif- 
ferent from the usual one. Conversation with colleagues stimulated the 
report of this modified technique of cordotomy. 


G sire! section of the spinothalamic tracts of the spinal cord, con- 


PHYSIOLOGIC BASIS FOR MODIFICATION 


Anesthesia. In general, it appears to me desirable to operate upon anes- 
thetized patients. Modern anesthetic agents and techniques make this safe. 
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Certainly in the case of patients whose need for surgery stems from long- 
continued pain, it is more merciful than is operation with local analgesia 
alone. The combination of mild pre-induction medication, anesthesia with 
intravenous pentothal sodium, with or without nitrous oxide and oxygen, 
and generous procaine infiltration of the surgical area has proved entirely 
satisfactory. 

In more cases than not, I have been dissatisfied with the results obtained 
by testing patients immediately after tract section to determine the level 
of analgesia. The patient operated upon with local analgesia is often too ex- 
hausted and apprehensive, by the time that stage of the operation is reached, 
to give reliable responses. If he is awakened for this purpose from light anes- 
thesia maintained through the earlier phases of the operation, his responses 
again may mislead the surgeon in the result to be anticipated. It seems pref- 
erable to depend instead upon a more nearly complete section of the antero- 
lateral tracts. 

Level of Section. For patients having pain in various parts of the body, 
individualization of the level of cord section requires variability of depth of 
section according to the diameter of the cord at the level of the attack. Prac- 
tically all pain for which cordotomy is indicated requires the level of anal- 
gesia at or only slightly below the umbilicus. To the patient, it makes little 
practical difference whether his level of analgesia is at the umbilicus or at 
the clavicles. To make the operation as uniform as possible in performance, 
we have fixed upon the cervical level. In the average case, sections at C4—5 
on one side and C5-—6 on the other, have proved entirely satisfactory. This 
insures quite uniform, adequate levels of analgesia between the clavicles 
and the nipple level. In cases in which arm analgesia also is desired, cordot- 
omy has proved safe at even C1 and C2 levels. 

By adopting the C4—6 levels for section, it is possible to anticipate quite 
uniform results with a 6 mm. depth of incision in patients of average build. 
The incision is made 5 mm. deep in smaller patients. 

Position. The sitting position has decided advantages in cervical spinal 
cord surgery. Bleeding is minimized, so the operating time and trauma are 
considerably lessened. The surgical field is more easily available to the sur- 
geon and his assistants than in operations upon prone patients. 

The patient is securely fastened in a chair with the trunk erect and the 
head supported in a moderately flexed position. This permits loss of cerebro- 
spinal fluid without entirely draining the ventricular system. Acute flexion 
of the neck is avoided, thereby minimizing possible cord trauma against un- 
recognized midline dise protrusion. 

Fear of surgical shock has kept several surgeons from using this position. 
Although it is a hazard in the case of conscious patients, anesthesia largely 
minimizes it. The blood pressure regularly falls a moderate amount initially, 
but quite regularly it regains its original level by the time draping is com- 
pleted. The blood pressure usually falls temporarily to 80 mm. or even lower 
after the second cord section is made. In sluggish cases the administration of 
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vasopressor drugs is very effective. In refractory cases, blood pressure can 
be restored by elevation of the legs, or by placing an abdominal binder 
around the patient. An inflatable balloon between the binder and the pa- 
tient’s abdomen permits pressure to be controlled by the anesthetist. We 
have found that, when a competent anesthetist is in attendance, blood pres- 
sure has been entirely controllable in this position. 

In the performance of cervical cord surgery in the sitting position, both 
surgeon and anesthetist must be aware of the possibility of air embolism. 
The mechanism, recognition and correction of this possible complication has 
been reported.? Should the complication occur, it must be possible to flatten 
the chair immediately and turn the patient on his left side. No elaborate 
apparatus is needed; a hinged-back chair is the only essential. In the emer- 
gency, the operative wound is covered with two sterile towels held by the 
surgeon while the assistants release the restraining ties and turn the patient. 
Thereafter, the operation may be completed after redraping, or may be de- 
ferred until another time. Now that effective protection against a fatality is 
possible, this rare complication need not be a contraindication to the sitting 
position. 

Rotation of the Spinal Cord. To make an incision of precise size and ex- 
tent into the anterolateral aspect of the cord from the dorsal position, the 
cord must be rolled toward the opposite side. The cord is “guyed” in place 
by the two dentate ligaments placed roughly at the centers of the sides of the 
cord, and by the anterior and posterior nerve roots on each side. The liga- 
ments are short and relatively inelastic; the nerve roots are less rigid restraints 
to rotation, dependent upon their lengths at various levels along the cord. 
In the standard cordotomy, mobility of the cord is increased by severing 
two or three dentations of the ligament on each side. 

Were the spinal cord a more rigid cylinder, sufficient traction upon a 
dentate ligament to displace it 45° (A, Fig. 1) would result in 45° of rotation 
of the cord along its axis. The approach to 45° of rotation would be limited 
only by the limits of length and elasticity of the nerve roots. Physically, 
however, the cord is not even a semirigid cylinder, but is quite soft and ap- 
proaches a semiliquid, contained within a flexible sheath. The result of 45° 
of traction upon a surface point of such a structure does not result in a true, 
but rather in a distorted rotation (B, Fig. 1). The vertical diameter (a—b) 
curves with its convexity to the right. Tension then is exerted upon the sur- 
face by guys 2 and 3 while guys 1 and 4 are relaxed. The play of these forces 
distorts the cylindrical cross-section, flattening it between “‘y” and 3 ven- 
trally and expanding it between “y” and 3 dorsally. 

To complicate the matter still further, the restraint of the guys is not 
applied uniformly along the cord, but variably at the points of attachments 
of the nerve roots. For technical convenience, the point chosen for traction 
on the dentate ligament usually is about midway between the points of at- 
tachment of two posterior nerve roots. This results in an irregular distortion 
upward of the surface of the cord at the point of incision. 
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The variability of the described forces acting upon the displaced soft 
spinal cord results in great variation in the depth of incision into the antero- 
lateral surface of the cord, even when using a standard depth of section. 
These factors seem adequate to explain the variable results obtained in even 
apparently similarly treated cases. It seems possible that some of the variable 
morbidity following standard cordotomy may result from the application to 





Fic. 1. Mechanics of rotation of the spinal cord. (A) Theoretical representation of the effects of 45° 
rotation upon a cross-section of a rigid, cord-like cylinder. (B) Theoretical representation of the effect 
(exaggerated) of 45° rotation of a semisolid cylinder. 


the cord of the described physical forces as well as from the effects of the 
incision. Data from our cordotomy series are too variable to allow conclu- 
sions to be drawn concerning this possibility. 

A technique was sought that would permit sections of the anterolateral 
surface of the cord with minimal or no amount of rotation. To attain this 
end, a knife* was developed that could be introduced 6 mm. into the cord 
through the approximately 5 mm.-wide space between the dura mater and 
cord. The knife (Fig. 2) consists of a fragmeni of a thin double-edged razor 
blade, held in a gripping shaft. Although the end of a spear-tipped surgical 
knife can be broken to the proper length and held in a fine-tipped hemostat 
for this purpose, such a tool is not entirely adequate. The blade is too thick 
and not sharp enough, and only rarely can a hemostat be found that is fine 
enough at its tip and yet strong enough to grip the hard and minute surface 
of the blade securely. 

The blades for this special knife are prepared by grasping the edge of a 
razor blade obliquely with a smooth-jawed pliers and breaking the fragment 





* This knife is obtainable from Codman & Shurtleff, Inc., Boston, Mass. 
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away from the blade. A desirable fragment is approximately the shape of a 
right triangle, 8 mm. along its base and 2 mm. on its side. To permit the 
grasping instrument to hold securely upon the slick, hard, 2 mm.-square 
surface, each blade must be coated with a thin layer of solder applied with 
heat insufficient to draw the temper of the steel. These tips are prepared in 
quantity and are cold-sterilized as needed. Such a blade can be advanced 
through cord substance against the resistance of simple fixation of a dentate 
ligament. Blades are discarded after use. 

Approach to the Cord. The type of cord incision described was applied 
earlier through a standard laminectomy. It soon was realized that if the cord 
need not be mobilized, an extensive bony removal is not necessary. Even- 


FRAGMENT BROKEN FROM RAZOR BLADE 





REHEARSE TIP OF BLADE SOLDERED 





HANDLE GRIPPING BLADE FRAGMENT 


Fic. 2. Photograph of a knife handle devised to hold tips made from thin razor-blades. 


tually the cord section was made through an interlaminal approach similar 
to that of an intervertebral disc exploration, removing portions of adjacent 
hemilaminae to produce a small dural exposure placed as far laterally as 
possible. 

The dura mater is incised vertically. Closure of the dural incision is 
quite easy, through even so small a bony defect, with a continuous suture 
placed with a 3”, half-curved Lane cleft-palate needle, using a long, curved 
tonsil hemostat for a needle-holder. 

When a bilateral cordotomy is done, muscles are separated from the 
spinous processes and laminae without disrupting the interspinous ligament. 
Dura mater is exposed at different levels on the two sides (Fig. 3). When the 
wound is closed, a few sutures are placed in the deep muscles through the 
interspinous ligaments. The other tissues are closed with separate layers of 
interrupted cotton sutures. This technique results in a great deal less post- 
operative pain in the shoulders and neck than usually follows cervical lam- 
inectomy. The patients can be mobilized as early as their general condition 
permits, making convalescence shorter and less complicated. 


SURGICAL TECHNIQUE 


The patient is anesthetized with intravenous pentothal sodium solution and the 
trachea is intubated. He is postured upright as described earlier. The skin of the 
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neck is prepared and draped. The skin and subjacent tissues are infiltrated to the 
bone with 1 per cent procaine solution. A vertical skin incision is made from the 
spinous process of C3 to C6 and muscles are reflected on the side of the cordotomy, 
from the spinous processes and laminae of 
C5 and C6. The ligamentous attachments tie alle 4 
may be removed from additional spinous ERR A 
processes to make retraction easier if re- * 7 
quired, but no more muscle than necessary % 
is removed from the bone. 

With a sharp curette, the lower edge of 
C5 lamina is cleared of its attached liga- 
mentum flavum. If the upper edge of C6 
lamina is easily approachable at this time, 
it is treated similarly. If not, this is de- 
ferred until after the laminotomy of C5. 
With a straight or angled rongeur, the 
lower edge of C5 lamina is removed through 
about one-half of the vertical width of the 
lamina, laterally as far as possible, and 
medially almost to the base of the spinous 





process. Then the upper edge of C6 lamina — 
is removed similarly, until a bone defect DY 
about 2.5 cm. X15 mm. is produced. When aad 


the patient is in the sitting position, the 
wound is irrigated freely during the bone 
removal, until the raw edges can be waxed, 
to minimize the likelihood of air entering opened marrow-veins. 

The epidural vessels are lifted with forceps and coagulated gradually until they 
and the exposed ligamentum flavum are removed. The dura mater is incised verti- 
cally. The incision will lie above the attachments of the dorsal rootlets to the cord. 
Guy sutures separate the dural edges. The lateral suture should be tied into the 
muscle mass to increase the exposure laterally as much as possible (A, Fig. 4). The 
arachnoid is opened and fluid drains. The anesthetist is notified, so he can be alert 
to blood pressure changes. The dentate ligament is grasped with a straight mosquito 
hemostat and is severed from its dural attachment with a long-handled, small scalpel 
(B, Fig. 4). As the mosquito forceps is carried medially, the attachment of the 
dentate ligament to the cord can be seen. Usually a few small blood vessels run 
vertically along the cord at this site. This is the point for incision into the cord. If 
it is not easily and accurately demonstrable, a small septal elevator, or some such 
thin-tipped instrument can be introduced into the dorsal angle between cord and 
ligament to reveal it. 

The knife then is prepared, the blade edge at a right angle to the shaft and 
directed distally. The tip of the blade is set 6 mm. from the shaft. The handle of the 
knife is held vertical to the cord. There usually is not enough room between the side 
of the cord and the dura mater to permit the whole blade length to approach the 
cord at a right angle, so the blade tip is put on the cord at the dentate angle, with the 
blade making an acute angle with the cord (B, Fig. 4). The point of the blade is 
inserted and the shaft is rotated until the blade is directed transversely and is ad- 
vanced inward to its full 6 mm. length (C, Fig. 4). Using the dentate ligament only 


Fic. 3. Location of two laminotomy open- 
ings for bilateral cervical cordotomy. 
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Fic. 4. Stages in the modified left-sided cordotomy operation. (A) Dura mater opened through lami- t 
notomy, exposing posterior roots and dentate ligament. (B) Knife point applied at point of penetration. 

It is advanced to the transverse position by rotation of the shaft. (C) Knife introduced to depth of 6 
mm. } 


for counter-traction to the knife, and with no attempt at rotation of the cord, the 
knife is passed anteriorly as far as it will go. This is limited by the curvature of the } 
spinal canal (A, Fig. 5). The knife is removed with the same type of rotary motion 
with which it was introduced. The blade is loosened in the handle and angled 45° 





downward (B, Fig. 5). It is reinserted into the cord incision and the remainder of | | 
the anterolateral quadrant is cut through. To insure denervation of the sacral ) 
\ 
/ 

\ 
| 

1 

7 





Fig. 5. (A) Anterior thrust of right-angled knife arrested by curvature of spinal canal. (B) Angu- 
lated blade position for completing cord incision. 
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areas, it is important that the incision extend up to or even a little dorsal to the 
attachment of the dentate ligament. The tip of the blade is thrust through the den- 
tate ligament and into the cord 1-2 mm. dorsal to the point of attachment to the 
ligament, and is advanced into the previously made cordotomy incision. Some cord 
bleeding may ensue. In my experience this has always been controllable with Gel- 
foam®. A split-thickness fragment of wet Gelfoam®, measuring about 4X6 mm., 
is placed on the concave surface of a septal elevator and is thus applied to the site 
of the incision. A small strip of cottonoid is placed outside the instrument, which 
then can be slipped out without displacing the Gelfoam®. Intermittent drying and 
wetting of the cotton for a few minutes usually results in adhesion of the foam so 
the cotton can be removed. Any other incidental details of wound toilet are con- 
cluded, and the Gelfoam® may then be removed from the cord. Should bleeding 
follow, a small piece of foam may be left permanently adherent to the cord. 

The dura mater then is closed with a continuous locked cotton suture, using a 
small half-circle needle held in a tonsil hemostat. The exposure is too small for com- 
fortable work with regular dural needles and needle holders. A piece of wet, full 
thickness Gelfoam® is placed to cover the entire dural exposure. Retractors are re- 
moved and the wound is closed in layers with interrupted cotton sutures. 

If a bilateral cordotomy is indicated, the second side is done in the same way as 
the first, but at a higher or lower level. 

Because of our experiences? with air emboli following operation in the sitting 
position, these patients are placed on the cart and transported to their rooms in the 
left lateral decubitus. 

SUMMARY 


A modification is described for the technique of spinothalamic cordotomy. 

The technique was devised to permit cordotomy without rotation of 
the spinal cord. 

The operation is done through minimal laminotomy openings in a shorter 
time and, it is believed, with less shock and with more precision than attend 
the standard operation. 

The sequelae of the incision are sufficiently predictable that the opera- 
tion can be done under general anesthesia without the necessity of sensory 
testing in the operating room. 


I am grateful to Mr. James N. DeSerio, Consulting Engineer, of Buffalo, for 
review of the physics involved in the discussion of rotation of the spinal cord. 
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may be a tragic occurrence. The damage from the abscess itself is 
superimposed on an already extensively damaged and scarred brain. 
Normal defense barriers are altered by changes in cerebral architecture and 
even though the patient survives, the functional loss is almost certain to 
be greater than in the case of a primary abscess or wound at a similar site. 
Cushing,*" in his papers dealing with war wounds, insisted on thorough 
cleansing of the wound tract. He believed, however, that removal of deeply 
embedded foreign bodies should not be done at the risk of materially in- 
creasing damage already present. Studies carried out immediately after the 
first World War!’ showed that late sequelae, including delayed brain 
abscess, were less common than anticipated. In World War II adherence to 
the same surgical principles, combined with antibiotic treatment, signifi- 
cantly reduced mortality, morbidity and eventual permanent disability 
resulting from such injuries. 
The following 2 case histories raise the question of how much or how little 
should be done at the time of the original injury. These patients’ abscesses 
formed at 6- and 7-year intervals about metallic shell fragments. 


TN late development of brain abscess around a retained foreign body 


Case 1. F.R., 31 years old, sustained a penetrating right frontoparietal wound 
during combat in 1942. He improved so that by 1944 he walked with a slight limp 
but had considerable weakness and clumsiness of the left hand. He was admitted to 
the Cushing Veterans Administration Hospital on Dec. 23, 1949, with a 4-day his- 
tory of progressive drowsiness and right-sided head pain. 

Examination. The patient was lethargic; his neck was stiff and there was marked 
tenderness over an obvious right parietal skull defect. His temperature was 98.4°F., 
pulse 84, and B.P. 124/80. He had left hemiparesis and hemihypalgesia. All reflexes 
were decreased; no pathological reflexes could be elicited. The optic discs and cranial 
nerves were normal. 

Blood count showed 27,650 WBC/c.mm., 96 per cent neutrophils. Spinal fluid 
pressure was 420 mm. of water. The spinal fluid was slightly turbid and contained 
275 WBC/c.mm., 40 per cent lymphocytes and 60 per cent neutrophils; total pro- 
tein 160 mg. per cent. 

Plain x-rays of the skull showed a retained metallic fragment in the parietal 
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region on the right side just under the posterior margin of a defect in the bone (Fig. 
i 

Hospital Course. About 8 hours after admission the patient became irrational and 
more lethargic. The CSF at that time contained 15,500 WBC /c.mm., with 95 per 
cent neutrophils; total protein 800 mg. per cent. A smear of the fluid showed gram 
positive cocci. A small amount of purulent drainage appeared from the old scar 
overlying the cranial defect. 

Operation. The patient was immediately taken to the operating room where a 
parietal incision was made beginning at the point of drainage. This exposed a large, 
deep, subdural (subgaleal?) abscess with a sinus tract arising beneath the posterior 
margin of the skull defect. About 3.5 cm. behind the edge of the bone, within the 





Fic. 1. Case 1. X-ray showing frontoparietal defect with shrapnel fragment just under and 
behind posterior margin of the defect. 


abscess cavity, the metallic fragment was found, covered by a pyogenic membrane. 
The abscess itself had ruptured into a large porencephalic cyst which communicated 
with the right lateral ventricle. There was an opening into the ventricle about 1.5 
cm. in diameter. The foreign body was removed and the entire area was irrigated 
with large amounts of solution containing 1,000 v of penicillin per cc. A rubber tis- 
sue drain and catheter were left within the cavity. 

The infective organism was cultured as Staphylococcus aureus. 

Postoperative Course. Intensive treatment was started with antibiotics, chemo- 
therapy and local irrigations of penicillin solution. The patient improved steadily 
and the spinal fluid remained sterile. The CSF protein then gradually increased and 
on Jan. 4, 1950, the CSF pressure was 280 mm. of water; total protein was 1,180 
mg. per cent. The patient’s condition gradually deteriorated, and although the 
lumbar CSF pressure returned to normal there was a steady rise in protein to 3,350 
mg. per cent. He expired on Jan. 29, 1950. 
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Autopsy. There was extensive basal arachnoiditis, with obliteration of basal cis- 
terns by dense adhesions, and a cerebellar pressure cone. A porencephalic cyst 
communicated with the occipital horn of the right lateral ventricle. The abscess 
had not recurred. 


Comment. In this patient the abscess presumably had formed around the 
retained shell fragment, and then ruptured into the large porencephalic 
cyst which certainly must have been the result of the initial injury. The basal 
arachnoiditis found at autopsy was secondary to rupture of the abscess into 
the ventricle. The initial trauma provided a foreign body, local brain dam- 
age with tissue destruction, scar formation and a porencephalic cyst. The 
thin wall of the cyst was all that separated the abscess from the ventricle— 
and this only temporarily. This particular foreign body was easily accessible 
and probably should have been removed at the time of injury or as soon there- 
after as his condition would permit. 


Case 2. J.C., a 28-year-old laborer, was admitted to the Cushing Veterans Ad- 
ministration Hospital on Oct. 31, 1950, complaining of headache for 1 month. Dur- 
ing that time he was reported as having been lethargic, indifferent and careless in 
his dress and personal habits. In 1944 he had sustained a penetrating shrapnel 
wound of the right hemisphere followed by left hemiplegia. This had gradually 
improved leaving a slight residual left hemiparesis which did not interfere with his 
work as a laborer. In 1946 a tantalum plate was inserted over the right fronto-tem- 
poro-parietal defect. 

Examination. Temperature was 98.6°F., pulse 80, respiratory rate 20, and B.P. 
100/60. He complained of severe headache, appeared drowsy and responded slowly. 
There was no tenderness over the plated area on the right side of the head. He had 
a slight residual left hemiparesis with increased deep tendon reflexes on the left and a 
left Babinski sign. Stereognosis was diminished in the left hand and there was slight 
left hemihypalgesia. He had a left homonymous hemianopia; there was no papille- 
dema. The rest of the cranial nerves were unaffected. 

Blood and urine were normal. Initial CSF pressure was 170 mm. of water. The 
fluid was clear and colorless but contained 18 lymphocytes; total protein was 165 
mg. per cent. 

Plain x-rays of the skull showed a large plate overlying the right-sided skull 
defect and, in addition, a metallic foreign body lying in the inferior portion of the 
left frontal lobe, indicating the probable path of the penetrating missile (Fig. 2). 

Hospital Course. Two days after admission the patient’s condition showed no 
essential change. On the 3rd day his temperature rose to 102°F. and he became less 
responsive. The CSF pressure was 260 mm. of water and the fluid contained 86 lym- 
phocytes. The patient rapidly lapsed into coma with both pupils dilated and fixed. 
His respirations became shallow and irregular and ventriculography performed 
immediately indicated a mass lesion in the left frontal lobe. 

1st Operation. A left frontal craniotomy was immediately carried out, exposing 
a thin, tense, fluctuant cortex overlying a poorly encapsulated abscess. Because of 
the patient’s poor condition drainage of the abscess was instituted and intensive 
antibiotic therapy was begun by all available routes. 

Course. Repeated smears and cultures of abscess drainage and spinal fluid were 
sterile. The patient’s condition improved slightly but he did not regain consciousness. 
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Exploration of the abscess site with a needle gave evidence of either recurrence or 
loculation of the abscess. 

2nd Operation. A second craniotomy was performed 12 days after the first. The 
left frontal lobe including the original abscess wall with the metallic foreign body and 
a smaller, posteriorly placed abscess were removed. 

Course. There was no improvement and the patient slowly passed into a state of 
decerebrate rigidity. He expired April 19, 1951. Permission for autopsy was not 
granted. 


Comment. Clinical evaluation of this case was difficult because of the 
neurologic residua from the original injury and the lack of new localizing 
signs. Abscess formation began 
around the metallic fragment and 
extended throughout most of the 
left frontal lobe. Death was pre- 
sumably caused by debility and 
bronchopneumonia following mid- 
brain damage. The single piece of 
metal which acted as a foreign body 
was so placed as to be relatively in- 
accessible when the wound was first 
debrided and it is questionable 
whether any attempt at later elec- 
tive removal would have been jus- 
tified. 

DISCUSSION 


Abscess formation in relation to 
a retained foreign body is most 
likely to occur during the early 
weeks following injury but it is well 





te ‘ Fia. 2. Case 2. X-ray and ventriculogram show- 
nown that the free interval may ing metallic foreign body in left frontal region far re- 


be quite long. Grant? said, “A pa- moved from apparent site of injury indicated by 


tient who has had a penetrating 'nt#lum plate on right. 


brain wound and apparently been in perfect health for a number of years 
may suddenly develop an intense headache, become rapidly stuporous and 
die within twenty-four hours from rupture of a latent abscess into the ven- 
tricle and fulminating meningitis.” In his collective review of brain ab- 
scess,> he summarized observations that had been made since 1918 and 
concluded that brain abscess rarely follows head injury unless the dura mater 
is penetrated; that metallic foreign bodies are better tolerated than bone 
fragments; and that in patients with intracranial inclusions an abscess may 
develop about the source as late as 20 years after the injury. The longest 
case on record appears to be that of Nauwerck" whose patient had attempted 
suicide in 1878. A retained revolver bullet within the left frontal lobe caused 
him no trouble until 1916, 38 years later, when a fatal brain abscess devel- 
oped. Another case, reported in 1881," is that of a patient in whom a locu- 


390 JOHN H. DREW AND CHARLES A. FAGER 


lated cerebral abscess developed 27 years after injury. Autopsy showed bony 
spicules 8 mm. long on the inner table of the skull but no mention was made 
of whether or not they penetrated the dura mater. 

Oppenheim" and other authors have referred to these cases as evidence 
that the interval following trauma can be as long as 10 to 30 years. Wilson” 
and Oppenheim" stressed the point that so many years may elapse after the 
initial trauma that the incident may have been forgotten when the symp- 
toms of abscess appear. King" has reported a patient who unknowingly 
carried a knife blade in his head for 28 years. Several months after the blade 
was removed an abscess developed. Alajouanine, Maisonnet and Petit- 
Dutaillis! in 1928 noted 56 cases of brain abscess occurring during the first 
year following injury and 16 more than a year afterward. This study further 
emphasizes the fact that late brain abscesses are not a rarity—although no 
statement was made as to how many of these patients had retained foreign 
bodies. 

There is general agreement that retained free bone fragments are more 
likely to cause brain abscesses than are those of metal.° This is true of both 
acute and delayed lesions. However, acute abscess is more likely to develop 
around bone’ while a late abscess is most often secondary to a bit of metal 
(although one of Cairns and Donald’s’ patients went 19 years before an 
abscess developed around a piece of bone). Retained bone was responsible 
for abscess formation within 6 weeks in 25 per cent of Rowe and Turner’s!” 
patients. And Martin and Campbell" found infection to be ten times more 
frequent around bone fragments than in their absence. Certainly early ab- 
scesses occur both in patients with retained bone or metal fragments.” 
Because this early incidence is greater with retained bone, there are few of 
these patients in the late group. All patients with retained foreign bodies, 
whether bone or metal, must be considered as “‘suspects’”’ and regarded as 
potential chronic abscess carriers. Any increase in neurologic deficit or sug- 
gestion of intracranial infection in such a patient should be viewed with 
suspicion, if not alarm, and every effort should be made to determine the 
possible presence of an intracranial abscess, regardless of the length of the 
latent period after injury. In this respect, baseline angiograms may be of 
value as well as plain x-rays of the skull to check on shift of position of the 
metallic or bone fragments. Four of Wood’s” 40 patients having retained 
metallic fragments showed such change in position in the presence of ab- 
scess. If air contrast studies are made before the patient leaves the hospital 
following initial injury,” these may be used for comparison at a later date, al- 
though if repeated in the presence of abscess there is the ever-present danger 
of rupture into the ventricular system. 

Why a nidus of infection should remain latent for years without signs or 
symptoms, then suddenly flare up to become an active process leading to 
brain abscess is an unsolved and speculative problem. The organisms present 
at any site of injury or tissue destruction may be of low initial virulence and 
so succumb readily to natural body-defense mechanisms. If this does not 
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result in complete elimination of infection with cure, the focus may remain 
for many years as a small, completely inactive abscess.’ Or, with modern 
chemotherapy and antibiotics, the original infection may be inadequately 
(or “adequately’’) treated, the result being that virulence of the organisms 
is decreased but viability is maintained. 

Such situations may exist whether a foreign body is present or not.” 
However, the presence of a bone or metal fragment adds to the probability 
of lighting up a dormant and asymptomatic focus. Grant® states that an 
acute infection or a debilitating disease may cause these organisms to assume 
increased virulence. Goldstein’ wrote in 1925 that too early plating of cranial 
defects predisposed to abscess formation. White*® in reviewing 151 late com- 
plications of cranioplasty referred to 4 cases of delayed brain abscess under 
plates. He set 6 months as the minimal time to plate a cranial defect after 
initial infection and suggested an even longer interval if organisms are 
penicillin-resistant. Swinburne!* also mentioned premature plastic proce- 
dures as a possible precipitating cause of such abscesses and, as did King," 
further suggested that a blow on the head may be a contributing factor. 

Some evidence that bacteria may lie dormant for long periods is sug- 
gested by 2 of Ecker’s® cases. These patients were asymptomatic with well- 
healed wounds and normal spinal fluid yet viable organisms were recovered 
from the brain. Retained bone fragments were present in both patients. The 
posttraumatic interval was not stated although the maximum period for the 
entire series was only 86 days. It may be that if a focus of low-grade chronic 
infection exists new organisms brought to the area, though not of sufficient 
virulence themselves to cause active infection, may take on a new virulence 
or cause that of the original organisms to increase. 

Another possibility is that tissue around a retained foreign body may be 
in a state of decreased resistance to infection. Casual bacteria in the blood 
stream, lodging at such a point, would ordinarily be overcome by normal 
body-defense mechanisms. However, because of the lowered local resistance, 
abscess formation may occur. Hematoma has been mentioned in this regard 
by Swinburne.!* 

No matter how carefully and completely debridement may have been 
carried out there is extensive, relatively avascular scar formation sur- 
rounding the wound tract. If an abscess then forms adjacent to a retained 
foreign body lying in some part of this scar, the ease and speed with which 
it extends and spreads will theoretically be much greater in the scarred area 
than in the normal brain. Assuming that such a locus minoris resistentiae 
plays a part in the development of brain abscess in relation to foreign bodies, 
the tissue along the tract of the missile must be considered as fertile ground 
for the growth of such an abscess once it has begun to develop. Large ab- 
scesses may form rapidly in the damaged brain and then spread to adjacent 
normal tissue. 

The fact that there are today many patients who harbor metallic or 
even bony fragments in the brain without any ill effects clearly illustrates 
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that a policy of close observation with alertness to any change in the patient’s 
condition is warranted in all or nearly all cases. By presenting these cases of 
long-delayed brain abscesses formed in the presence of foreign bodies, we 
certainly do not advocate the wholesale removal of such objects in the ab- 
sence of progressive signs and symptoms. Nor do we suggest violation of 
the principles of early debridement as noted above. Delayed abscesses are 
infrequent, although not rare, and to regard watchful waiting as a calcu- 
lated risk is justifiable. A possible exception might be a situation such as 
that presented in Case 1, in which the foreign body was easily accessible in 
a non-vital area. 


SUMMARY 


Two cases of long-delayed (6-7 years) brain abscess formation at the 
site of retained foreign bodies are reported in detail. Because of superimposi- 
tion of brain damage in an already injured area, patients who survive such 
lesions are liable to be much more severely crippled neurologically than 
those with primary abscesses in the same region. 

The true pathogenesis of such lesions is unknown. The possibility that 
these abscesses may be caused by a latent or new infection in a damaged 
area of low resistance is considered. Various possible precipitating causes 
such as cranial trauma, acute infectious or debilitating diseases have been 
suggested. In many cases there is no apparent reason for the development of 
an abscess at a particular moment. 

Prompt and adequate debridement and antibiotic therapy at the time 
of injury will help to prevent these lesions. Their relative infrequency contra- 
indicates radical surgical procedures for foreign body removal in the absence 
of progressive signs and symptoms. However, once progress is established 
every reasonable attempt should be made to determine the presence of in- 
fection. Such infection must then be treated vigorously with every effort 
being made to minimize brain damage. 
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CASE REPORTS AND TECHNICAL NOTE 





NOCARDIOSIS WITH MULTILOCULAR CEREBELLAR ABSCESS 
REPORT OF A CURED CASE 


C. F. List, M.D.,* J. R. WittraMs, M.D., C. B. Beeman, M.D., 
AND C. A. Payne, M.D. 


Grand Rapids, Michigan 


(Received for publication February 19, 1954) 


Nocardia is an aerobic, partially acid-fast actinomycete, pathogenic to man and 
animals.* The name “‘Nocardia”’ was given in memory of Nocard who in 1888 dis- 
covered this organism as the cause of bovine farcy. There are various subspecies 
of Nocardia, the most common being Nocardia asteroides—also known under the 
synonyms Cladothrix asteroides, Streptothrix eppingeri, Oospora asteroides, and 
Actinomyces asteroides. 

Even though this organism is a ubiquitous inhabitant of the soil, human nocardio- 
sis appears to be a remarkably rare disease and records of only 54 such cases were 
found in the literature..." The primary lesion is usually found in the lungs 
and bronchopulmonary lymph nodes, occasionally in the subcutaneous tissues (as 
the result of accidental penetrating injury), or in the gastrointestinal tract.’ The 
infection then spreads by the hematogenous route and frequently produces meta- 
static intracranial lesions, notably brain abscesses. Among the 54 recorded cases 
there was proven intracranial involvement in at least 17 cases. The mortality rate 
of human nocardiosis is high; so far only one instance is known of cured intracranial 
Nocardia infection.t In this case, described by Jacobson and Cloward,’ a 28-year- 
old psychotic Japanese woman was proved to have meningitis caused by Nocardia 
asteroides. The patient recovered after being treated with large doses of sulfadiazine 
and intramuscular and intrathecal injections of penicillin and streptomycin, com- 
bined with ventricular drainage. 

Facing the almost hopeless prognosis of intracranial nocardiosis, additional 
experiences must be gathered and it therefore appears worth while to record any 
further case of successful treatment. In the following we wish to describe in detail 
a case of nocardiosis with multilocular cerebellar abscess, terminating in recovery, 

#51-446. W. van S., a 48-year-old bread salesman, was admitted to Blodgett Memorial 
Hospital, Grand Rapids, Michigan, on Jan. 20, 1951. Approximately 10 weeks previously, 
he had begun to complain of general lassitude, and pain in the left shoulder and epigastrium. 
The condition of his shoulder was diagnosed as calcifying bursitis and was treated by roentgen 
irradiation and aspiration. The epigastric pain, which occurred chiefly on fasting, was relieved 
by ingestion of food and antispasmodic drugs. Eight weeks prior to admission, a persistent 
hacking cough developed, productive of scanty, nonhemorrhagic, nonpurulent sputum. 


* 833 Lake Drive, S.E., Grand Rapids, 6, Michigan. 

Tt Since this paper was submitted for publication another case of successful treatment of cerebral 
nocardial infection has been reported (Krueger, E. G., Norsa, L., Kenney, M., and Price, P. A. Nocardi- 
osis of the central nervous system. J. Neurosurg., 1954, 11: 226-233). 
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There was no fever. Roentgenograms of the chest revealed infiltrative lesions in both lower 
lung fields, supposedly virus pneumonia. After unsuccessful treatment with penicillin and 
aureomycin for 16 days, bronchoscopy was performed but this procedure yielded no further 
information. Thereafter, his general condition deteriorated; he complained of nucho-occipital 
and frontotemporal headaches, nausea and, finally, of failing vision. 

Examination. The patient appeared chronically ill, irritable and anxious. Temperature 
was 98.6°, pulse rate 84, respiratory rate 18, and B.P. 136/80. Physical examination of the 
chest revealed no abnormal findings. There was slight epigastric tenderness. The prostate 
gland was moderately enlarged without signs of malignancy. The left shoulder was “‘frozen”’ 
because of previous bursitis. Neurologic findings were not remarkable. 

Urine was normal. RBC 4,380,000, WBC 6,650, Hb. 13.3 gm.—86 per cent, eosinoph. 1, 
stabs 2, segment 85, lymphs 12. Blood Kahn negative. Serum albumin 3.76; globulin 2.74. 
Blood N.P.N. 27; fasting blood sugar 129. 

Roentgenograms of the chest showed an infiltration in the left lung at the level of the 5th 
rib near the heart. The left hilar shadow was enlarged. The right lung was normal. 

The sputum contained no acid-fast organisms but on culture there was heavy growth of 
Streptococcus viridans and scanty growth of Staphylococcus aureus and nonpathogenic 
yeasts. 

Roentgenograms of the upper gastrointestinal tract disclosed a peculiar rugal pattern com- 
patible with the diagnosis of gastritis or duodenitis. The duodenal bulb was deformed suggest- 
ing ulcer (or prolapsed gastric mucosa?). On the cholecystogram there were areas of decreased 
density, suggestive of gallstones. 

Course. At this state of the investigation no definite diagnosis could be made. It was felt 
that the gastrointestinal findings were probably unrelated to the pulmonary lesion, the ana- 
tomic nature of which remained obscure; the possibility of a primary bronchogenic carcinoma 
was considered. In the 10 days following admission, new and progressive symptoms appeared 
pointing to a lesion of the central nervous system. He became increasingly lethargic, depressed 
and refused to eat. Urinary retention occurred on several occasions. Nucho-occipital head- 
aches and nausea were frequent and at times associated with vomiting. Finally, his pulse rate 
dropped to 50-60 per min. 

Lumbar puncture revealed an initial pressure of 150 mm. of H.O. The fluid was clear, 
colorless, and contained 1 lymphocyte; total protein 114 mg., sugar 76.9, gold curve and Kahn 
negative. 

Neurosurgical consultation was then obtained. The emaciated patient was conscious but 
lethargic, indifferent and without psychomotor initiative. The right suboccipital region was 
tender to pressure and the neck was moderately rigid. There was mild paresis of the left 6th 
nerve with marked horizontal nystagmus to the left, less to right, and slight vertical nystag- 
mus upwards. Pupils, fundi and fields were normal. A slight left lower facial weakness was 
noted. There was generalized hypotonicity, especially in the left arm and leg. The left extremi- 
ties exhibited mild paresis, kinetic ataxia, dysmetria and slowing of diadokokinesis. When 
attempting to sit he fell asynergically to the right and backwards. There was bilateral positive 
Babinski sign. All other reflexes were normal. Sensory changes could not be demonstrated. 

Detailed EEG study revealed numerous bursts of high voltage 1 to 2 per sec. delta waves 
occurring bilaterally, especially in the frontal, parietal and temporal areas, and with greater 
emphasis on the right side. These findings indicated either a diffuse degenerative process or 
a deep cerebral focal lesion. It was suggested that if the lesion was in the posterior fossa it 
would more likely be on the left side. Roentgenograms of the skull showed slight displace- 
ment of the calcified pineal shadow to the left. 

Reviewing the case in the light of the neurologic findings, it was now assumed that the 
patient had multiple expanding intracranial lesions, with a large mass in the left cerebellum 
and possibly additional lesions in the cerebral hemispheres. Intracranial metastases from 
bronchogenic carcinoma appeared to be the most likely diagnosis, yet metastatic intracranial 
granuloma could not be ruled out. Intracranial abscess was considered improbable because of 
the absence of fever and of inflammatory reaction in blood and spinal fluid. 
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Operation, Feb. 3, 1951. Ventriculography demonstrated considerable symmetrical en- 
largement of the lateral ventricles and 3rd ventricle. The aqueduct and proximal portion of 
the 4th ventricle were angulated forward and displaced to the right. The ventricular fluid 
contained no cells and only 5 mg. per cent protein. The presence of an expanding mass in the 
left cerebellar hemisphere was thus confirmed but any sizeable supratentorial mass was 
ruled out. 

Immediate left suboccipital craniectomy was done under local anesthesia. On exploratory 
tap of the left cerebellar hemisphere, firm resistance was encountered at a depth of 2 cm., and 
a little deeper, an abscess cavity was entered, yielding yellow pus. After uncapping the over- 
lying cerebellum, the thin friable capsule of the abscess was exposed; it broke during dissec- 
tion, spilling 25 ce. of pus. No sooner had the wall of the abscess been removed than another 
smaller abscess was brought into view and then excised. A cluster of four additional smaller 
abscesses embedded in thick avascular fibrous granulation tissue was removed—the deepest 
of these was the size of a hazelnut and had the thickest capsule. Thus all pathologic tissue 
was resected except a few indurated areas at the dorsal surface of the cerebellum. The multi- 
locular abscess had occupied the entire dorsolateral part of the left cerebellar hemisphere and 
extended almost to the incisura tentorii. The wound was tightly closed after instilling an aque- 
ous solution of 100,000 vu penicillin into the operative cavity and another 25,000 vu into the 
lateral ventricle. 

From the day of surgery the patient was given 2,400,000 u aqueous penicillin and 2 gm. 
dihydrostreptomycin daily, but on the 2nd postoperative day the dose of penicillin was in- 
creased to 4,800,000 vu. 

Bacteriological Studies. Direct smear of the pus revealed no organisms. Culture on blood 
agar and Sabouraud’s media revealed a large chalky white, aerobic colony after 10 days’ 
incubation. It was composed of gram-positive, nonacid-fast mycelia and was classified tenta- 
tively as Nocardia asteroides. Guinea pig innoculation on two occasions failed to produce 
lesions. The organism was submitted to three other mycological laboratories; two reported 
it was typical of Nocardia asteroides and one felt it probably was Nocardia asteroides. This 
organism was inhibited in vitro by no less than 10 vu of penicillin. Chloromycetin also was 
slightly inhibitory but terramycin, aureomycin and bacitracin were ineffective. 

Histologic examination of the tissue removed at operation revealed multiple foci of sup- 
puration in the parenchyma of the brain. Some were recent and other larger foci had a periph- 
eral zone of fibroblastic proliferation forming a definite wall and replacing parenchyma of the 
brain. Polymorphonuclear leucocytes predominated but were mixed with lymphocytes, and 
a few plasma cells and eosinophiles. Granules were not seen but a McManus stain (PAS) 
revealed groups of gram-positive hyphae and mycelia interlacing between groups of leucocytes. 
Other organisms were neither seen nor cultured from the material. 

Course. The patient had not only tolerated the operation well but showed immediate and 
progressive improvement. His sensorium cleared, temperature remained normal and signs of 
meningeal irritation did not develop. In an effort to achieve an optimal blood level, the dose of 
penicillin was doubled (9,600,000 u daily) and sulfadiazine was added in doses of 6 gm. daily; 
dihydrostreptomycin was discontinued after 1 week. Actually the minimum blood level of 
penicillin was maintained at 10 u/cc. and that of sulfadiazine was 15 mg. per cent. Under 
this management the patient continued to improve. He became alert and accessible, yet 
relapsed occasionally into a confused state. The cerebellar syndrome receded, especially in 
the lower extremity. The incision healed well. 

He was discharged to a local hospital in Grand Haven, Michigan, on the 15th postoperative 
day, where the same doses of penicillin and sulfadiazine were administered for 8 additional 
weeks. In total he had been given 643.2 million vu of penicillin and 414 gm. of sulfadiazine in 
72 days; furthermore, he had received 15 gm. of dihydrostreptomycin in 8 days. 

When last seen in November 1953, 2 years and 9 months postoperatively, he had no com- 
plaints referable to his nervous system and led a normal life. He had gained 20 lbs. in weight. 
He appeared to be mentally normal. There were still mild residual cerebellar signs in the left 
upper extremity and some periarthritic stiffening of the left shoulder. Chest x-rays were 
normal. Complete blood count, urinalysis and sedimentation rate were normal. 
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NOCARDIOSIS WITH CEREBELLAR ABSCESS 


COMMENT 


Even though the exact nature of the pulmonary lesion was not verified in our 
observation, it is reasonable to assume that it was a pneumonitis caused by Nocar- 
dia and probably represented the primary focus of infection. From reports of the 
literature one gains the impression that the pulmonary lesions, unless too far ad- 
vanced, respond more readily to treatment than the cerebral lesions. 

The intracranial manifestations of nocardiosis tend to be multiple because of 
their metastatic origin. In the early stage, purulent metastatic encephalitis develops, 
followed by encapsulated brain abscesses. In some of the recorded cases, including 
our own, the inflammatory meningeal reaction was surprisingly slight or even ab- 
sent. In others, such as in the observation of Jacobson and Cloward, frank menin- 
gitis dominated the picture. The fact that the ventriculogram of their patient was 
normal in the presence of meningitis, may suggest associated brain swelling caused 
by encephalitic involvement. In more chronic lesions there is tissue necrosis, and 
abscess formation with surrounding nonspecific granulomatous inflammation (with- 
out epithelioid or giant cells). Multiplicity and dissemination of the abscesses ac- 
count for some of the therapeutic failures, and conversely, the favorable outcome 
in our own case may be attributed to the circumscribed character of the lesions. 

At present, the diagnosis of nocardiosis cannot be made by clinical or roent- 
genologic means, yet it should be suspected if a chronic infectious state is associated 
with lymphadenopathy, and pulmonary and cerebral lesions. If, however, as in our 
case, the signs of general systemic infection are minimal, the differential diagnosis 
against bronchogenic carcinoma with cerebral metastases must be considered. 

Laboratory identification of the Nocardia species is relatively simple although 
proof of pathogenicity is sometimes difficult. The branching filamentous organisms 
are aerobic, gram-positive, partially acid-fast or nonacid-fast. They require 2-3 
weeks to develop a typical colony, but grow readily at 37°C. or room temperature on 
a variety of simple media, including Sabouraud’s glucose agar and beef infusion 
glucose agar. The colonies are usually glabrous, wrinkled or granular and tough. 
Occasional strains produce aerial mycelia giving a powdery or chalky appearance 
to the colony. Most species of Nocardia are mere saprophytes, but Nocardia aster- 
oides is pathogenic to laboratory animals and man, yet the degree of pathogenicity 
is variable. Intravenous injections in rabbits usually produce miliary abscesses in 
many organs whereas intramuscular or subcutaneous injections produce only local 
abscesses. 

Successful treatment of cerebral Nocardia infection requires surgical removal 
of the focus (or foci) and extremely vigorous and prolonged chemotherapeutic and 
antibiotic treatment. Surgical management of a nocardial abscess differs little from 
that of other brain abscesses. The lesion should be radically excised; simple drainage 
is ineffective because of the multilocular character of the abscesses and the prolific 
growth of the organisms. Total excision may be admittedly impossible in the pres- 
ence of multiple abscesses. At the time of operation the diagnosis of Nocardia is, 
as a rule, not yet made. It is therefore advisable to instill a suitable antibiotic solution 
into the operative site and into the ventricle in order to control other bacterial in- 
vaders. 

Effective medical treatment requires determination of the drug sensitivity of the 
organisms. Sensitivity studies in vitro are valuable but do not necessarily permit one 
to predict the therapeutic effect in vivo. Runyon," and Strauss, Kligman and Pills- 
bury" investigated experimentally pathogenicity and drug sensitivity of Nocardia 
asteroides. These authors found that the organism is inhibited in vitro by sulfa- 


398 C. F. LIST, J. R. WILLIAMS, C. B. BEEMAN AND C. A. PAYNE 


diazine, aureomycin and myvizon, and to a lesser extent by chloromycetin and strep- 
tomycin. Penicillin, on the other hand, had only minimal inhibitory effect or none 
at all, unless given in extremely high doses. 

In vivo (by means of animal protection tests), sulfadiazine again proved to be 
the most effective drug, whereas aureomycin and myvizon gave only limited protec- 
tion. Clinical experiences with the treatment of nocardiosis have been so far too 
limited in number for conclusive evaluation; moreover, in most cases, several drugs 
have been used in combination. All authors agree, however, that sulfadiazine is 
effective and should be given in large doses over a long period. The opinions about 
penicillin are divided; most investigators consider it ineffective, yet in some of the 
recorded cases Nocardia was quite susceptible to this drug (e.g. in the case of Hager, 
Migliaccio and Young®*). In our own observation the sensitivity ratio was low, i.e. 
no less than 10 v of penicillin/cc. were needed to inhibit the growth of the organism. 
The different strains of Nocardia probably vary in their penicillin sensitivity. A 
similar situation obtains for aureomycin and streptomycin. 

From these observations one can draw only one practical conclusion, viz. sulfa- 
diazine must be given in combination with appropriate antibiotics in high doses 
over a long time. If penicillin is used, it should be administered in sufficiently large 
amounts to attain an effective blood level, i.e. a drug concentration that inhibits the 
organism in vitro. This was accomplished in our case by a daily dose of 9,600,000 
vu of penicillin. Although Nocardia may be sensitive to streptomycin, prolonged use 
of this drug is undesirable because of its adverse side effects (on the 8th nerve). 
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ACTINOMYCOTIC (NOCARDIA ASTEROIDES) BRAIN ABSCESS 
WITH RECOVERY 


CASE REPORT* 


Raueu A. Munstow, M.D.+ 
San Antonio, Texas 


(Received for publication March 16, 1954) 


The widespread use of antibiotics has materially reduced the incidence of brain 
abscess within the past decade. This has been particularly true of those abscesses 
occurring as a consequence of otitic and sinus infections of bacterial origin. In a group 
of 10 brain abscesses observed during the past few years, 2 were caused by fungi. 
Though one of the two latter patients died, an apparent cure has been effected in the 
other with the use of antibiotics and surgical excision. This is believed to be the 
fourth reported recovery of a patient with actinomycotic brain abscess. 

Ponfick,> in 1880, first described actinomycosis of the brain. Ten years later 
Eppinger* made the first report of a brain abscess caused by Nocardia asteroides. 
Friedman and Levy* were able to collect 108 reported cases of actinomycosis in- 
volving the central nervous system by 1937 but found the results universally fatal. 
Eleven years later Jacobson and Cloward! described the recovery of a patient with 
actinomycotic meningitis through the use of penicillin and sulphadiazine. The first 
cure of actinomycotic brain abscess, however, was reported in 1949 by Schneider 
and Rand; the lesion was apparently thoracogenic and was excised during intensive 
antibiotic and sulpha therapy. Tinsley and Froman® recorded the second recovery; 
in their case the brain abscess was also secondary to pleuropulmonary actinomycosis. 
In a comprehensive review of the problem published in 1953, Stevens’ described the 
third instance of successful management of these abscesses by excision. 

A few years ago a middle-aged farmer’s wife was seen in consultation because of 
profound coma and left hemiparesis.'! One and one-half years previously headaches 
of increasing frequency and severity began soon after tooth extraction. Jacksonian 
seizures were noted 1 month prior to hospitalization. Despite no evidence of systemic 
infection, brain abscess was suspected. Ventriculography confirmed the neurologic 
impression of right frontal localization and approximately 1 ounce of pus was ob- 
tained when the abscess was tapped. The patient, however, failed to respond and 
at autopsy it was apparent that pus had been obtained only from the original thick- 
walled abscess, the adjacent daughter abscess containing three times that amount 
of purulent material. Nocardia asteroides was isolated from the pus. It was felt the 
portal of entry was the tooth socket and that rupture of the chronic, thick-walled 
abscess coincided clinically and pathologically with acute onset of symptoms 1 
month prior to admission. 


CASE REPORT 


In March 1952, H. M., a 22-year-old Latin-American boy, was referred because of “‘fits’’ 
which the usual anticonvulsant drugs had failed to control. Except for chronic drainage from 
the left ear of unknown duration, the patient had been well until 7 months previously when 
he began to have morning headaches and infrequent seizures. It was believed that the sei- 


* Read before Southern Neurosurgical Society, Baltimore, Maryland, January 29, 1954. 
¢ 1233 Nix Professional Bldg., San Antonio 5, Texas. 
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zures began in the right face, spreading to the right arm and leg before becoming generalized. 
One month prior to admission headaches increased in severity and were followed by drowsiness 
and ptosis of the left eyelid. Two days before admission and after a generalized convulsion, 
the patient noted he was unable to move the left eye or lid. 

Examination. The patient was too lethargic to cooperate for adequate testing. In addition 
to left external ophthalmoplegia, bilateral papilledema of 4 to 5 D. and retinal hemorrhages 
were found. Vision on the left was markedly reduced. The temperature was 99.6°F., pulse 
rate 70, and respiratory rate 18. X-rays of the skull and chest were normal as were the Wasser- 
mann, urinalysis and blood count, except for WBC 12,350 with 73 per cent polys. Ventricu- 
lography (Fig. 1) suggested a left frontal mass. 

Operation. Through a left frontotemporal flap a thick-walled abscess lying 4 cm. subcorti- 
cally was tapped, 90 cc. of thick, odorless pus being evacuated. By means of a frontal trans- 
cortical incision the abscess was completely excised, after the method of Clovis Vincent. 
Cerebral swelling prevented replacement of the bone with the flap. 





Figs. 1 and 2. (Left) Ventriculogram (outline retouched) to show displacement by a frontal mass. (Right) 
Postoperative pneumoencephalogram demonstrating left porencephalic cyst. 


Pathological Report. Section of the specimen removed at operation revealed a smaller, 
anterior thick-walled abscess with a contiguous, thin-walled, multiloculated abscess pos- 
teriorly. Microscopically (Fig. 3) the abscess wall appeared to be well circumscribed and was 
surrounded by a zone of moderately edematous brain tissue. 

Bacteriological Report. Cultures* from the purulent material within the abscess cavity 
revealed Nocardia asteroides. 

Course. The patient was immediately placed on 400,000 units penicillin with 1 gm. di- 
hydrostreptomycin every 6 hours. After the 2nd postoperative day he was afebrile for the 
remainder of his convalescence. Right hemiparesis and aphasia began to recede after the 4th 
day, and vision of the left eye improved. The wound healed per primam and the patient was 





* Isolated by Dr. F. W. Bieberdorf, Department of Mycology, Southwest Research Institute and 
Santa Rosa Hospital. 
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up and about after a week. On the 12th day bulging of the flap was noted, and pneumo- 
encephalography (Fig. 2) was done to rule out the possibility of multiple abscesses. A por- 
encephalic cyst at the operative site was found, but there was no displacement of the ventricu- 
lar system. The patient was discharged on his 19th postoperative day, continuing antibiotic 
therapy with 1,000,000 units penicillin daily by mouth. 

When seen 2 months later, the patient presented only reduction of visual acuity. Fifteen 
months after original surgery tantalum cranioplasty was carried out. No evidence of active 
infection was evident at this time, and portions of bone, soft tissue, and ventricular fluid sub- 
mitted for culture were sterile. When last seen, 25 months after excision of the abscess, he 
had no complaints and remained neurologically negative. 
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Fic. 3. Photomicrographs. (Left) Typical wall of brain abscess. (Right) High power 
view of abscess wall. (Hematoxylin-eosin stain) 


DISCUSSION 


Stevens’ has recently stressed the importance of differentiating actinomycosis 
into those cases caused by Actinomyces bovis and Nocardia asteroides. Whereas 
Actinomyces bovis is non-acid fast, anaerobic, and not found in vegetable material, 
Nocardia asteroides is aerobic, partially acid fast, and has been isolated from soil. 
Man acquires these fungi from unknown exogenous sources. Within the nervous 
system the morbid changes produced by these two fungi are indistinguishable. Clini- 
cally the patient may manifest signs of meningitis, abscess, or both. Rarely an acti- 
nomycoma, usually involving the ventricular system, may be found. Stevens calls 
attention to the characteristic symptomatology of actinomycoses: ““The chronicity, 
sudden appearance of neurologic involvement, remission and exacerbations.” The 
experiences here cited would indeed parallel this clinical course. 

In addition to the use of penicillin for actinomycosis, success elsewhere in the 
body has been described with the use of this drug in combination with Streptomycin 
and sulphonamides, the latter alone, Aureomycin, Terramycin, and Stilbamidine, 
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to mention only those most frequently used. Equally important in the treatment of 
actinomycotic brain abscess is the adequate evacuation of purulent material, once 
the infection has become localized, either by excision or drainage. 


SUMMARY 


An apparent cure of actinomycotic brain abscess is described through the use 
of surgical excision and antibiotics. Nocardia asteroides was the causative organism. 
The patient remains well 2 years after surgery. 
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UNUSUAL RECOVERY FOLLOWING MARKED DISLOCATION 
OF LUMBAR SPINE 


Howarp A. Brown, M.D.* 


San Francisco, California 


(Received for publication March 17, 1954) 


Recovery of function following spinal trauma that involves the cauda equina 
may often be of marked degree. Operative exploration and decompression of the 
nerve roots in the lumbar region are frequently indicated following trauma, in 
contrast to lesions that involve the spinal cord at higher levels. 

The reason for reporting the case here presented is to demonstrate that despite 
excessive deformity and displacement of the vertebral bodies, relatively good re- 
covery may take place, emphasizing the importance of using all possible therapeutic 
measures in patients with lesions of the cauda equina. 


CASE REPORT 


The patient, a young woman aged 22, was injured Feb. 7, 1947, in a fall from the front seat 
of a car when the door flew open while going around a corner. She was temporarily uncon- 
scious but upon awakening noted complete paralysis of both lower extremities and severe 
pain in the lumbar spine. There was also a complete loss of sensation below the waist sub- 
jectively. 

X-rays taken following the injury showed a very marked lateral displacement of the 1st 
lumbar laterally on L2, almost the full width of the body. There was also a slight forward 
displacement of L1. 


* 384 Post Street, San Francisco 8, California. 
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Neurological examination 4 days after the injury revealed a complete flaccid paralysis of 
both lower extremities and a marked sensory loss below the inguinal region. The sensory loss 
was not complete. Some sensation was perceived as far down as the 4th lumbar root distribu- 
tion. Also in the lower sacral region some sensation was present, particularly over the saddle 
area. There was complete areflexia in the lower extremities. There was no sphincter control. 

Spinal puncture revealed a complete block in the spinal canal. The fluid was xantho- 
chromic. 

1st Operation. A decompressive laminectomy was done Feb. 12, 1947. The lamina of the 
inferior portion of D12 and the Ist and 2nd lumbar laminae were removed. There was a lacera- 
tion of the dura mater on the left side with extrusion of one root filament which was caught in 
the fracture site at the region of the articular facet on the left. The root was replaced and the 
dura mater was closed. 

Orthopedic consultation during the laminectomy was obtained and an attempt was made 
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to manipulate and effect reduction of the dislocation, but without any improvement of the 
position of the vertebral bodies. 

Course. Following surgery there was a slight gradual improvement in sensation over the 
lumbar and sacral roots. 

Follow-up x-rays taken Mar. 30, 1947, revealed complete over-riding with a displacement 
of the L2 body upward to a point slightly higher than L1, which had occurred while the 
patient was flat in bed (Fig. 1). 

Skeletal traction was then applied through both femurs with 20 pounds on each leg. Only 
slight alteration in the position was obtained, as shown in Fig. 2. In view of this fact it was 
decided to perform another operation. 

2nd Operation, May 1, 1947. Inspection of the dural sac revealed it to be making a very 
sharp turn at the level of the dislocation, but as a result of the decompressive laminectomy 
the structures had accommodated fairly well and the dura mater was pulsating. No further 
bone was removed. Fusion was then done, using screws and bone grafts, as shown in Figs. 3 
and 4, 
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Course. Subsequently, the patient showed a gradual im- 
provement in motor function and sensation. In January, 1948, 
she had regained bladder control, and had no dribbling, ur- 
gency or frequency. There was further motor improvement, 
particularly in the upper leg on both sides. By March, 1949, 
she was able to get around with braces and was doing her own 
housework. Bladder and bowel control were good and sexual 
functions were normal. The chief motor deficit was in the an- 
terior tibial muscle groups on either side. Improving strength 
allowed her to discard her braces with the exception of some 
improvised rubber foot-drop supports which she used in 
preference to the usual standard type. 

She was seen again in November, 1953. There still was 
practically no function in the anterior tibial group. She had 
fair power in the calves on both sides, and had good quadri- 
ceps and hamstring function. Knee reflexes had returned. 
Ankle jerks remained absent. There was still some sensory 
loss over the L5 and S1 root distributions primarily. Other 
sensation was essentially normal, sphincters were entirely 
normal, and there was no back pain despite her deformity. 

Subsequently she obtained employment and at the present 
time is working regularly as a telephone operator and radio 
dispatcher. She is able to walk about the latter office without 
support, but in walking outside she uses short crutches to 
maintain her balance (Fig. 5). 
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ARTERIOGRAPHIC DEMONSTRATION OF COLLATERAL CIRCULATION 
THROUGH OPHTHALMIC ARTERY IN INTERNAL CAROTID ARTERY 
THROMBOSIS 


REPORT OF TWO CASES 


Ernest Sacus, Jr., M.D. 
Hitchcock Clinic, and Department of Surgery (Neurosurgery), Dartmouth Medical School, 
Hanover, New Hampshire, and Veterans Administration Center, White River Junction, 
Vermont 


(Received for publication March 17, 1954) 


Thrombosis of the internal carotid artery has gained considerable attention in 
recent years and is a diagnosis made with increasing frequency. An associated loss 
of vision in the homolateral eye was observed by Kussmaul,® Penzoldt,’ Guthrie and 
Mayou,? Hunt,* King and Langworthy,’ and many others. The explanation usually 
accepted for this phenomenon has been inadequacy of blood flow through the 
ophthalmic artery to the retina because of the proximal thrombosis. Walsh and King® 
felt that homolateral blindness and optic atrophy invariably occurred with spon- 
taneous internal carotid thrombosis. Johnson and Walker,‘ however, found optic 
atrophy and blindness in only 11 of 107 cases they reviewed. More recently Walsh 
and Smith'® have extended their observations on ocular complications of internal 
carotid thrombosis. This fazlure of blindness to occur in the homolateral eye has also 
intrigued observers, but the ingenious and excellent work of Elschnig,' repeated and 
extended by Walsh and King® themselves, had already suggested the explanation of 
this phenomenon by virtue of their experimental demonstration, on cadavers, of 
free collateral circulation between the external carotid and ophthalmic arteries. 

Another striking thing about internal carotid thrombosis has been the occasional 
absence of neurological signs or evidence of massive infarction, even after arteriogra- 
phy has demonstrated complete obstruction of flow of dye into the internal carotid 
vessel in the neck. 

Recent experience with 2 cases has brought to light the fact that in cases of inter- 
nal carotid thrombosis demonstrable by arteriography, collateral circulation through 
the ophthalmic artery may be visualized, thereby corroborating the experimental 
work of Elschnig and Walsh and King in vivo. In addition, this collateral circulation 
not only explains the failure of blindness to occur in the homolateral eye but the 
richness of this circulation may be adequate to fill the intracranial branches of the 
internal carotid artery and, therefore, may account for the paucity of neurological 
symptoms in some of these cases. 


CASE REPORTS 


Case 1. V.A. Hospital, #36805. V. B., a 50-year-old male, was admitted Mar. 31, 1953 with 
a chief complaint of “blackout spells.”” He had been in perfectly good health until 5 months 
previously when, on a Sunday afternoon drive, he suddenly noticed transient weakness of 
his right hand. Ten minutes later this happened again, and on the following day he had per- 
sistent weakness in that hand. There were no headaches, dizziness, or numbness in the hand 
associated with the weakness. There was no disturbance of speech. The patient was able to 
move his arm with normal strength but found that he was unable to extend his fingers in that 
hand. He had not returned to work since that time. On the day following his first episode, he 
was examined by his family doctor, who found his B.P. was 240 systolic. He was told that 
he had had a “shock” and was placed on a diet. He was advised to exercise his hand with a 
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small rubber ball. The weakness in his hand gradually subsided, and 1 month later he was 
feeling perfectly well and was able to go deer-hunting without difficulty. 

Three and a half months before admission, the patient noticed his right arm had begun to 
shake and his legs felt weak. He was able to grab a bedpost with both hands but slipped to 
the floor and was unable to get up for 10 minutes. He was perfectly conscious but unable to 
talk during this period. The shaking in the right arm did not spread but gradually subsided. 
After this he was able to get up and talk without difficulty. He denied headache, nausea, vomit- 
ing, loss of weight, or other associated symptoms. 

Examination. B.P. was 150/92, pulse rate 76, respiratory rate 20, and temperature was 
normal. He was a florid-faced, middle-aged male, who was a little given to “‘wisecracking.” 
There was a slight left exophoria. The pupils were equal and reacted normally. Both disks 
showed blurring of superior margins with full veins but there were preserved physiological 
cups and no definite elevation of the disk margins. The visual fields were full. Vision was nor- 
mal in each eye. Facial sensation was normal. There was a slight right facial weakness. Hear- 
ing was normal. The patient could name common articles readily. He was able to demonstrate 
the use of common objects but he had difficulty in performing motor acts on command, especi- 
ally if they were at all complicated. For example, he was unable to do the heel-to-knee test 
until it had been done passively for him. He believed the present month to be March when in 
reality it was April. He had the day of the week correct, however. He demonstrated no spa- 
tial disorientation. The right hand was a little less strong than the left. Reciprocating move- 
ments on the right side were slower than on the left. Strength and tone in the legs were nor- 
mal. Sensation was intact, including stereognosis and figure-writing on the fingers. The right 
arm reflexes were increased over the left. 

Roentgenograms of the chest were normal except for multiple calcifications, possibly 
old histoplasmosis. Those of the skull showed very slight pineal displacement toward the left 
in the AP film. Hematological and urinary analyses were normal. NPN and fasting blood 
sugars were normal. 

Arteriography. On Apr. 9, 1953 Dr. G. F. Hoessly performed percutaneous arteriography 
on the left side under pentothal anesthesia. The dye entered the external carotid artery despite 
numerous attempts to fill the internal carotid artery by replacing the needle lower and lower 
in the common carotid artery. The films revealed that in tracing the branches of the external 
carotid artery, an excellent demonstration of communication with the ophthalmic artery 
(Schurr*) was seen. The dye entered the intracranial portion of the internal carotid via the 
ophthalmic artery and, thereby, its branches were filled (Figs. 1 and 2). 

Course. He suffered no untoward symptoms following the procedure. There was no change 
in his neurological findings or in the vision of the left eye, and he was discharged Apr. 22, 1953. 

Final diagnosis was thrombosis of the internal carotid artery, left, secondary to arterio- 
sclerosis. 

Comment. This case of complete thrombosis of the internal carotid artery in its 
cervical portion demonstrates: (1) extraordinary lack of neurological signs and symp- 
toms; (2) failure of blindness to occur in the homolateral eye; (3) that arteriography 
may reveal collateral circulation about a thrombosis of the internal carotid through 
the ophthalmic artery back into the intracranial portion of the internal carotid ar- 
tery and its branches. 


Case 2. V. A. Hosp'tal #39099. C. O., a 61-year-old man, was admitted for the first time 
on Oct. 19, 1953. He was totally aphasic and the history was partially obtained by indirect 
methods. He was conscious and alert and able to shake his head “yes” or “no,” but was 
totally unable to speak. He denied any pain prior to the present episode. He denied headache, 
dizziness, or visual symptoms. He was a chef at another hospital and had been hospitalized 
there for 6 weeks for right hemiplegia, which according to the patient had not improved. He 
had had no previous serious illness. 

Examination. There was a Grade 3 to Grade 4 harsh aortic systolic murmur. The liver was 
enlarged one finger below the right costal margin; it was non-tender and had a sharp edge. 
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Fic. 1. Case 1. Lateral arteriogram. Left side injected in neck. External carotid filling only. External 
carotid (1) anastomoses with ophthalmic artery (2) and thence into the internal carotid (3). Note filling 
of anterior and middle cerebral vessels. (Retouched*) 





Fic. 2. Case 1. AP arteriogram. Left side injected. Note filling of intracranial portion of internal carotid 
(1) which filled via the ophthalmic artery only, as seen in Fig. 1. (Retouched) 


* The illustrations have been retouched for the sake of clarity of reproduction. 
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The pupils were round, regular, and 
equal and reacted to light and in accommo- 
dation. The fundi showed Grade 2 arterio- 
sclerotic changes. There was a right facial 
weakness. The uvula deviated to the left. 
The gag reflex was present. Reflexes on the 
right side were exaggerated. There was a 
right Babinski. The right abdominal and‘ 
cremasteric reflexes were absent. 

The medical consultant felt that there 
was either rheumatic or congenital heart 
disease present with aortic stenosis. EKG 
was essentially within normal limits. The 
spinal fluid was normal. The patient had a 
very marked aphasia, more marked on the 
perceptive side. Sensory examination re- 
vealed a hyperaesthesia on the right side. 
The sensory changes suggested a mild thal- 
amic syndrome. 

The patient’s condition remained essen- 
tially stable without evidence of improve- 
ment or of deterioration. 

Arteriography was performed by Dr. 
John Carpenter, revealing that the internal 
carotid artery ended blindly several mm. 

Fic. 3. Case 2. Lateral arteriogram. Left side above the bifurcation. A small amount of 
injected. Nubbin of internal carotid (1) filled only. dye reached the circle of Willis via retro- 
External carotid (2) anastomoses with ophthalmic grade filling through the external carotid 
artery (3) and thence into intracranial portion of in- and ophthalmic artery and thence into the 
ternal carotid (4) which is very small and the dye . : ; : ; 
shepe these, (etouched) intracranial portion of the internal carotid, 

where it stopped. No filling of the internal 





carotid branches was seen (Fig. 3). 
Course. The patient suffered no ill effects from the procedure and has remained aphasic 
and hemiplegic. 


Comment. The arteriograms demonstrate the typical picture of the thrombosed 
internal carotid artery with just a nubbin of vessel patent. The external carotid 
anastomoses with the ophthalmic artery which can be traced to its origin from the 
internal carotid, and there the internal carotid is totally occluded. 


SUMMARY 


Two cases of spontaneous thrombosis of the internal carotid artery, proved by 
arteriography, are presented. The arteriographic appearance of collateral circulation 
from the homolateral external carotid artery to the ophthalmic artery is demon- 
strated. Blindness, diminution of vision and optic atrophy did not occur in either 
case. In one of these cases, with little neurological deficit, the branches of the internal 
carotid artery are shown to be filled by this route. 
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THE EFFECT OF VENTRAL QUADRANT SECTION OF THE CERVICAL 
CORD ON HEMIBALLISMUS 
M. Hunter Brown, M.D.,* anp M. N. Watsn, M.D.7 
Los Angeles, California 


(Received for publication March 30, 1954) 


Hemiballismus is a violent, uncontrollable movement of the arm and leg that is 
almost invariably unilateral. The origin of the term is somewhat obscure and was 
originally credited to Kussmaul by Oppenheim.* However, Moersch and Kernohan® 
were unable in their studies to verify this origin, and credit Jakob with this term 
suggesting the motion of tossing a ball by one side of the body. 

Martin and Alcock,? as well as Moersch and others, have verified the usual pa- 
thology to be a lesion of the contralateral subthalamic nucleus (corpus Luysii). Most 
observers are now agreed that the illness, if truly ballistic in nature and not hemi- 
chorea, is usually fatal because of exhaustion with terminal cardiac failure or pneu- 
monia within a period that varies from 1 to 6 weeks in most cases. The etiology has 
been vascular, usually hemorrhage or thrombosis, in the great majority of instances; 
however, occasional reports have appeared of subthalamic involvement by a neo- 
plastic or granulomatous process. Meyers, Sweeney and Schwidde' believed that ap- 
parently bona fide cases of hemiballismus occur from involvement of the afferent or 
efferent pathways connecting to the corpus Luysii and possibly from pathology 
involving the corpus striatum and ventral neothalamus as well. The present evi- 
dence, however, is definitely clouded in attributing ballistic movement to locations 
in the basal ganglia and midbrain other than the subthalamic nucleus and its im- 
mediate projection pathways; certainly it appears that some case reports have con- 
founded severe hemichorea with the pure ballistic movement. Meyers felt that there 
is some indication of somatotopic localization in the corpus Luysii with lesions ros- 
trally causing movement of the head and neck, lesions of the middle portion affect- 

* 1033 Gayley Avenue, Westwood Village, Los Angeles 24, California. 

{ 436 North Roxbury Drive, Beverly Hills, California. 
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ing the upper extremity, and of the caudal portion involving the lower extremity. 
Mettler and Carpenter*® have been able to produce complex involuntary movements 
by stereotaxic lesions of the subthalamic nucleus in Macacus rhesus; subsequently 
they modified or eliminated these movements by fulguration of various extrapyra- 
midal projections, including the lenticular fasciculus, the medial segment of the palli- 
dum, and large lesions in the lateral thalamic nucleus. 

Recent surgical efforts to ameliorate or abolish hemiballismus have all uniformly 
implicated partial or complete interruption of the pyramidal pathways. At the 
cortical level Bucy! extirpated areas 4 and 6, with a subsequent enduring left paraly- 
sis and apraxia. Meyers‘ has noted relief by linear subpial section between areas 4S 
and 6 anteriorly and 4, 3, 1, 2 posteriorly. Other interruptions, by Talairach, Paillas 
and David® at the capsular level and Walker® by cerebral pedunculotomy, have 
likewise shown considerable pyramidal deficit. We have been unable to find in the 
literature any cases of pure extrapyramidal interruption similar to that carried out 
by Putnam’ in cases of chorea and athetosis until the present opportunity arose. 


CASE REPORT 


A 73-year-old white male was referred on March 3, 1953, for treatment of a violent hemi- 
ballismus of 5 days’ duration. He was a known hypertensive of 12 years’ standing and 6 
years prior to admission he had had a minor cerebrovascular accident involving the right arm 


Fic. 1. Recent fresh hemor- 
rhage is noted in the right 
subthalamic nucleus. The old 
cystic lesion in the left basal 
ganglia with slight dilatation 
of the left lateral ventricle is 
apparent. 





and leg, which completely cleared. Five days before admission he fell in his home, striking 
the occipital area; he was stunned and dazed but did not actually lose consciousness. The 
ballistic movements began immediately thereafter in the left arm, leg, and side of the neck. 
His family was not able to ascertain whether his stroke preceded the fall, or whether the re- 
verse was the case. Within 24 hours the movements, at first gentle, became so violent that on 
several occasions he was thrown from his bed. They ceased completely with the sleep of 
exhaustion, but immediately returned with consciousness. For a few seconds at a time he 
was able to voluntarily control the movements, which then resumed with undiminished in- 
tensity. 

Examination. The patient was conscious, cooperative, and somewhat restless. B.P. was 
200/120, and pulse 86. The optic fundi showed grade II retinal sclerosis without hemorrhages, 
exudates, or choked disc. There was a severe hemiballistic movement involving the entire 
left side of the body, with very slight hypotonia and generalized reduction of reflex activity. 
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Hoffmann and Babinski signs were obtained in the right hand and foot respectively. Spinal 
fluid studies showed an initial pressure of 140 mm., 1 WBC, 3 RBC, positive Pandy test, total 
protein 78 mg. per cent, negative Kolmer, and colloidal gold curve 0235555320. Blood serology 
was negative. X-rays of the skull and chest were normal on admission. 

Course. For several days the patient was treated by sedation, including large amounts 
of demerol, scopolamine, and barbiturates. The movements were controlled only when seda- 
tive drugs were sufficient in dosage to cause alteration of consciousness. Supportive therapy, 
including blood transfusions, oxygen, and parenteral fluids, was administered. 

1st Operation. On the 5th hospital day, under pentothal supplemented by local anesthesia, 
two postparietal trephine openings were made, revealing no evidence of subdural hematoma 
on either side as an aftermath of his head injury. Ventriculography was carried out, which 
was negative for any space-occupying lesion. The left lateral ventricle was very slightly larger 
than the right; this was ascribed to mild cerebral atrophy secondary to his cerebral throm- 
bosis 6 years previously. 

Course. By March 14, 1953, the patient’s condition had deteriorated further and it was 
obvious that the prognosis was hopeless without control of the involuntary movements. 

2nd Operation. Under general anesthesia, a low suboccipital craniectomy and bilateral 
upper cervical laminectomy were performed with the patient in the upright position. When 
the dura mater was reflected the dentate ligaments were sectioned at the 2nd cervical level 
and the cord was rotated to the right. Inci- 
sion for left ventrolateral tractotomy was 
made, beginning exactly at the point of at- 
tachment of the dentate ligament, extend- "% 3 j } } I" 
ing 4.5 mm. in depth in a transverse divee- TMM UL 
tion, and emerging 2.0 mm. ventral to the 
left 2nd cervical motor root. The patient’s a : . 
blood pressure and respiration did not ap- eS es. a “_ 
pear to change following the ventral quad- —€ cs 
rant section. He was returned to his room in by cy , & 
fair condition. : ® 

Postoperative Course. The left arm and 
leg showed no evidence of any impairment 
of voluntary movement. The deep reflexes 
appeared to be slightly less active than 
prior to surgery, but were symmetrical on 
the two sides. There were no pathological 
reflexes elicited. There was a right hemi- 
anesthesia for pain and temperature below 
the level of the clavicle. No evidence of the Fic. 2. Block removed from the basisphenoid. 
previous ballistic movement could be ob- Gross sectional view shows pronounced atheroma- 
served, except for an occasional mild twitch — tous thickening of both internal carotid arteries. 
of the head on the neck towards the left. 

Clinically this appeared to arise from the 

posterior rotator group of suboccipital muscles. During the subsequent week the patient 
remained slightly confused and gave evidence of increasing respiratory distress, despite 
vigorous chemotherapy, oxygen, and thorough bronchial aspirations. He expired on March 
21, 1953, with clinical evidence of an extensive bilateral bronchopneumonia. 

Necropsy. The calvarium was pierced by two recent postparietal trephine openings. The 
cortical surface of the brain showed prominent accentuation of the sulci with some bilateral 
involution present beneath the dura mater on both sides and slightly increased amounts of 
subdural fluid, but no evidence of subdural hemorrhage. 

The brain was fixed and sectioned coronally. At the level of the mammillary bodies a cir- 
cumscribed area of hemorrhage was noted in the right subthalamic nucleus, measuring 1.0 
cm. in its anteroposterior dimension and up to 0.8 cm. in diameter (Fig. 1). A small old cystic 
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lesion, measuring 0.6 cm. in diameter, was observed in the left caudate nucleus. The vessels 
at the base of the brain showed diffuse prominent atheromatous plaque formations, but 
there was no evidence of old or recent occlusion (Fig. 2). 

The spinal cord was grossly not remarkable, apart from a clean recent surgical laceration 
embracing the left ventral quadrant at the 2nd cervical level. 

The pertinent visceral findings included multiple small pulmonary infarcts with an ex- 
tensive confluent bronchopneumonia bilaterally and moderate pleural effusion on the left. 
There was advanced suppurative sinusitis with mucocele formation in the sphenoid and 
ethmoid cells, which presumably contributed to the pulmonary complications. The heart 
revealed a grade II coronary sclerosis with dilatation of the right auricle and ventricle, and 
there was chronic passive congestion of the liver, kidneys and spleen. 


DISCUSSION 


It is apparent that procrastination with medical measures and the faint hope of 
spontaneous disappearance of the movements is an unwise course in hemiballismus. 
A good deat of hesitation to embark on surgical interruption of the descending extra- 
pyramidal projection pathways was because of the patient’s age, poor general condi- 
tion, and lack of any precedence in the neurosurgical literature for relief of the move- 
ments by the procedure carried out in this case. The long period of exhaustion and 
intermittent narcosis prior to surgical intervention diminished this patient’s resist- 
ance to the point where he was finally unable to resist hypostatic pulmonary infec- 
tion. Although hemiballismus is a rare disorder, it would appear that prompt diag- 
nosis and operation will salvage some of these unfortunate patients in the future. 
In the future it would appear advisable to combine ipsilateral section of the upper 3 
cervical motor roots with ventral quadrant section in order to control hemiballistic 
movements above the level of the surgical section. 


CONCLUSIONS 


1. A fatal case of hemiballismus has been described in which cessation of the 
movements was produced by ventral quadrant section of the upper cervical cord. 

2. The importance of prompt diagnosis and surgical treatment in this uncommon 
but almost uniformly fatal disorder is emphasized. 
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OCCIPITAL EPENDYMOMA WITH EXTRACRANIAL METASTASES* 
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Many reports of primary intracranial tumors with extracranial metastases 
away from the central nervous system have appeared in the literature. Meningeal 
sarcomas,'! meningiomas,” pineal tumors,?° hemangioblastomas,' melanomas,’ and 
pituitary tumors,’° all have been described as metastasizing tumors. There have been 
fewer cases of gliomas with metastases reported in the literature. Ependymomas 
with metastases, a case of which is presented below, are of even more infrequent 
occurrence. 

CASE REPORT 


1st Admission, Mar. 21, 1951. A 27-year-old white male entered the hospital complaining 
of progressive headaches and visual blurring which had been present for the preceding 8 
months. 

Neurological examination revealed a bilateral papilledema, right homonymous hemianop- 
sia, and right facial weakness. Skull x-rays demonstrated a left occipital calcific mass. EEG 
revealed abnormal electrical activity in the left occipital area. 

Ventriculography and a left parietal-occipital craniotomy were performed on Mar. 27, 
1951. A 5 em. globular tumor was encountered attached to the parasagittal dura mater and 
invading the left occipital cortex. Because of the dural attachment and the vascularity of the 
tumor, the surgeon thought it to be a meningioma. 

Microscopic examination revealed extensive necrotic areas with surrounding banks of 
tumor tissue. The neoplasm was felt to be a glioma by all observers, and it was reported as an 
ependymoblastoma by the Armed Forces Institute of Pathology. 

The patient was discharged 3 weeks after operation with residual pressure symptoms. 

2nd Admission, Mar. 15, 1952. The patient had had signs of increased intracranial pres- 
sure and convulsions for the preceding month. Neurological findings were similar to those dur- 
ing his previous hospitalization. Lumbar pressure was 250 mm. of water with a protein of 140 
mg. per cent. 

On Mar. 20, 1952, the operative site was reopened; a large intracerebral cyst and several 
tumor fragments were removed. 

The patient was discharged 2 months later after receiving 5265 r to the tumor area, given 
through three ports—left parieto-occipital, posterior occipital, and vertex. The therapy was 
administered over a period of 6 weeks in 100-300 r daily doses. 

Microscopic examination of the second operative specimen revealed a typical ependymoma 
pattern. 

3rd Admission, July 8, 1953. Six months previously hard masses had developed in the pa- 
tient’s neck (Fig. 1). He first noticed enlarged nodes in his left lateral cervical region, and later 
on the right side. For the preceding 2 months, symptoms of increased intracranial pressure 
had been present. 

Examination revealed the scalp overlying the burr opening to be tense and enlarged, as 
if invaded by the tumor. A 4X6 cm. mass occupied the left lateral cervical area. On the right 





* This report has been reviewed in the Veterans Administration and is published with the approval 
of the Chief Medical Director. The statements and conclusions published by the author are the result of 
his own study and do not necessarily reflect the opinion or policy of the Veterans Administration. 
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side a small 1X2 cm. node was palpable. 
Chest x-rays and standard laboratory tests 
were normal. 

Removal of the right cervical node re- 
vealed tumor identical to the material ob- 
tained at the second operation. On July 16, 
1953, a ventriculogram demonstrated ven- 
tricular displacement to the right. The left 
occipital horn was enlarged and practically 
reached the dura mater. Re-exploration of 
the operative area revealed considerable 
necrotic cortex extruding through the burr 
openings. A left occipital lobectomy was 





performed. 
Fic. 1. Large cervical masses are demonstrated. The patient improved temporarily, but 
progressively became more stuporous and 

died 2 months later on Sept. 28, 1953. Autopsy was refused. 


Microscopic examination of the third operative specimen revealed necrotic and edematous 
tissue. No tumor tissue was seen. 

Microscopic Examinations. The original tumor material demonstrates considerable calcifi- 
cation and necrosis. Figs. 2 and 3 show vascular attachments of elongated cells which are 
felt to be primitive ependymal cells. Figs. 4 and 5 are views of the same material in another 
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Fic. 2. Low power view of original neoplasm. Note attachment of cells to the blood 
vessel. Phosphotungstic acid hematoxylin (PTAH) stain, X99. 
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Fic. 3. High power view of original neoplasm. Cells have large nuclei and short tail-like processes. 
They tend to align in a parallel fashion and attach to the blood vessel. These are early ependymal cells. 


PTAH stain, X610. 
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Fic. 4. Low power view of original specimen in another section. Note tendency to 

pseudorosette formation. Hematoxylin and eosin (H and E) stain, X99. 
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Fic. 5. Same section as in Fig. 4 under higher power. Note compressed 
pseudorosette formation. H and E stain, X610. 


field and suggest a tendency toward compressed pseudorosette formation. 

The tumor tissue obtained from the second craniotomy has a more recognizable ependy- 
moma pattern (Figs. 6 and 7). Pseudorosette formations are more ample and typical. Figs. 
8 and 9 show sections of the lymph node biopsy. Under low power examination, the complete 
replacement of normal lymph-node architecture by tumor tissue can be observed. The capsule 
and subcapsular areas have been infiltrated by neoplastic tissue. Fig. 9 shows a cellular pattern 
very similar to that of the tumor obtained from the second operation (Fig. 7). 


DISCUSSION 

Winkelman and associates” recently reviewed the literature and found 48 cases 
of intracranial tumors with extracranial metastases, 10 of which were gliomas. We 
have found 3 additional cases, including our own described in this report. Winkel- 
man et al.” classified all cases into one of three groups: (1) probably valid; (2) 
questionably valid; and (3) probably invalid. Their criteria are based upon documen- 
tation and description. We feel our case must be placed in the second group because 
of lack of a postmortem examination. In reviewing the cases reported in the litera- 
ture, one is impressed with the number of medulloblastomas (Table 1). Three of the 
4 cases reported were in adults. Medulloblastomas are not uncommonly confused 
with neuroblastomas or sarcomas. Pendergrass and Wilbur’’ reported their case in 
1928 as a medulloblastoma, but upon review of the material in 1942* it was felt that 
the correct diagnosis was neuroblastoma. 
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Summary of cases reported in the literature 


TABLE 1 





Age 


Case Author Sex 











PROBABLY VALID CASES 


EPENDYMOMA WITH EXTRACRANIAL METASTASES 


Duration 


Location 


1 James & Pagel!? 25 Oligodendroglioma Rt. parietal 
F 


1951 





QUESTIONABLY VALID CASES 
2 Davis’ 31 
1928 F forme 


Mittelbach'5 39 


wo 


1935 M forme 

4 Sachs et al.'8 38 Medulloblastoma 
1936 M 

5 Nelson'6 24 Medulloblastoma 
1936 M 

6 Koéhlmeier! 38 Glioblastoma mul- 
1941 M tiforme 

7 Sikis 52 Astroblastoma 
1950 M 

8 Brandt‘ 52 Glioblastoma mul- 
1950 M_ tiforme 

9 Cross & Cooper® 20 Mixed type glioma 
1952 M 

10 Maass 27 Ependymoma 
1954 M 


Glioblastoma multi- 


Glioblastoma multi- 





of Preop- No. 
erative Ops. 





Lt. temporo- 
parietal 


Lt. parietal 


Rt. cerebellum 


Rt. cerebellum 


Lt. parietal 


Lt. frontopa- 


rietal 


Lt. temporal 


Lt. temporo- 
parietal 


Lt. occipital 





PROBABLY INVALID CASES 


11 Bailey & Bucy? 43 Oligodendroglioma 
1929 M 
12 Wohwill® 9 Medulloblastoma 
1930 mos. 
F 
13 Pendergrass & 32 Medulloblastoma 
Wilbur!” F 
1928 





Lt. parietal 


Vermi: 


Symptoms apy 
Syrs. 2 Yes 
3mos. 2 Yes 
8mos. 1 No 
2mos. 2 Yes 
6mos. 2 Yes 
lyr 3 Yes 
7 mos. 2 No 
9mos. 1 Yes 
2mos. 1 No 
8mos. 3 Yes 
17 yrs. 4 Yes 

— - Yes 
3mos. 4 Yes 


Rt. cerebellum 


X-ray Post-op. 
Ther- Metasta- 


Postop. Location of 


Survival Metastases 


ses 
Nodules in scalp. cer- 


vical nodes, It. lung, 
rt. femur 


4 yrs. 








4 mos. 6 mos. Subcutaneous masses, 
rt. arm, rt. scapula, 
It. costal margin 

Lung metastases, hi- 


lar node invasion 


Found at 6 mos. 
autopsy 
3 yrs. 5 yrs. Subcutaneous mass 


over sternum. Cord 
implants 

Invasion 4 lower T 
vertebrae. Cord im- 
plants 

Lung metastases. Tu- 


Found at 3 yrs. 


autopsy 
3 mos. 4 mos. 
mor extension into 
neck, 
erosion 


Cervical vein 


7 mos. Metastases lung, T4 


vertebra, ribs. Inva- 


Found at 
autopsy 
sion bone flap, tem- 
poral muscle 
Metastases lung, It. 
kidney. Tumor exten- 
sion around ear and 
down neck 
Metastases lung apex, 
ant. abdominal sub- 


6 mos. 1 yr. 


3 mos. 9 mos. 
cutaneous area. Inva- 
sion scalp, temporal 
muscle, and around 
ear 

Bilateral 
node metastases 


6 mos. 3 mos. cervical 


Tumor extension into 
neck 

Ganglioneuroma of 
rt. supraclavicular re- 
gion 

Multiple bony lesions 
by x-ray. Tumor later 
diagnosed neuroblas- 


8 yrs. 


6 mos. _ 
4 yrs. 


4 yrs. 


toma 


In some of the reports shown in Table 1, it was stated that the intracranial tumor 
extended through the operative bony opening into the neck.?*:6-?% In 2 cases, 
invasion of the temporalis muscle was demonstrated.*!? Kéhlmeier" found a cervical 
vein with intraluminal tumor extension from a glioblastoma multiforme extending 
into the neck. James and Pagel!? demonstrated metastases to cervical node and 


scalp. In most of the cases, there were multiple operations and in 3 cases the bone 
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Fic. 6. Low power view of neoplastic tissue removed at second craniotomy. 
Note the more typical pseudorosette formation. H and E stain, X99. 





Fic. 7. High power view of same tissue as in Fig. 6. Note pseudorosettes. H and E stain, X610. 
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EPENDYMOMA WITH EXTRACRANIAL METASTASES 





Fic. 8. Low power view of lymph node removed from neck. Note the complete replacement of lymph 
node architecture. There is tumor invasion of the capsule and subcapsular spaces. H and E stain, X99. 


flap was removed, providing ample opportunity for extracranial extension. 

The higher incidence of non-gliomatous tumors associated with extracranial 
metastases is felt to be ascribable to hematogenous spread arising from invasion of 
the dural sinuses. Towne” reported a case of a meningioma that invaded the inferior 
longitudinal sinus and followed the venous pathway into the neck. Tumor tissue 
was removed from the internal jugular vein. Tompkins ef al.2° described a pineal 
tumor that invaded the straight venous sinus and gave rise to lung metastases. 
Gilmour" also reported an adenocarcinoma of the pituitary gland which invaded 
the cavernous sinus and gave origin to extracranial metastases. 

Winkelman et al.” suggested that metastases from gliomas are infrequent be- 
cause: (1) it is difficult for soft gliomatous tissue to penetrate the dural sinuses; 
(2) the cerebral veins that are thin-walled and held relatively loosely by the brain 
tend to collapse before allowing the entrance of tumor tissue; and (3) extracranial 
tissues are poor media for glioma growth. 

MacCarty" quoted Penfield as stating, “metastases outside of the central nerv- 
ous system are rare because of the astrocytic barrier around blood vessels. The same 
wall of astrocytic feet is thrown up against pia as well. But this latter barrier does 
not prove to be impassable.” 

Penfield® in 1937 stated that one element in the failure of metastases is the ab- 
sence of lymphaticZvascular connections within the pachymeninges. Councilman® 
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Fig. 9. Same tissue as in Fig. 8, showing formation of pseudorosettes in the 
lymph node. H and E stain, X610. 


felt that absence of lymphatics as well as a tendency for the tumor cells not to invade 
the blood vessels accounted for the lack of metastasis. MacCarty," in studying 
metastasis of gliomas to the subarachnoid and ventricular spaces, concluded that the 
pia and subpial glia, ependyma and subependymal glia offered barriers to implanta- 
tion in these spaces. Zimmerman and Maier,** who have produced experimental 
gliomas in mice, feel that there is no mesodermal resistance against metastatic 
gliomatous growth. They also postulate that failure of gliomas to invade vessels 
and the absence of lymphatic connections with intracranial structures account for 
the infrequency of metastases. 

When extracranial metastases do arise from intracranial gliomas, there appear 
to be several possible routes. Invasion of the scalp or muscles attached to the skull 
will soon be manifested in the cervical lymph nodes. Direct tumor extension into the 
neck may also produce infiltration of nodes through lymphatic invasion or erosion 
into cervical veins. After implantation into the nodes, hematogenous seeding may 
occur. A third route of metastasis may be produced by the rare occurrence of gliomas 
arising from cell rests (heterotopic glial nests) in the dura mater, leptomeninges, or 
in mesodermal tissue outside the central nervous system. Dural tumors, as proved 
by their reported frequency (14 cases in Winkelman’s series), are more prone to 
extracranial metastases. There is also the possibility that introduction of a tumor 
embolus into a dural sinus or cerebral vein during an operation could produce metas- 
tases. 
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EPENDYMOMA WITH EXTRACRANIAL METASTASES 


SUMMARY 


1. A case report of an occipital ependymoma with evidence of cervical metas- 
tases has been presented. 

2. The literature concerning extracranial metastases from intracranial gliomas 
has been reviewed. 

3. Theories explaining the rare occurrence of extracranial metastases from 
intracranial gliomas have been discussed and possible routes of metastases have 
been suggested. 


The author would like to express his appreciation to Dr. Nathan Malamud for his assist- 
ance in reviewing the microscopic examination of the material in this case. 
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EXCISION OF MULTISACCULAR SUPRATENTORIAL ANEURYSM OF 
INFRATENTORIAL ORIGIN 


CASE REPORT 


EvpripGe CampBE.LL, M.D., DoGAaNn PErEsse, M.D., anp Notton H. BiceLtow, M.D. 
Departments of Surgery and Pathology, Albany Medical College, Albany, New York 


(Received for publication April 1, 1954) 


Multisaccular aneurysms arising from the circle of Willis represent relatively 
uncommon lesions about which little has been written. In the following case a large 
multisaccular aneurysm was successfully resected despite the fact that the sac, 
while located above the tentorium, actually took origin from the basilar tree. This 
experience indicates that the large size of such a lesion need not necessarily preclude 
its satisfactory removal. 

CASE REPORT 


A.H. #68228. J. F., a 33-year-old housewife, entered the Albany Hospital Feb. 22, 1953, 
because of convulsive seizures. 

Past History. Fifteen years previously she had suddenly and without warning lost con- 
sciousness and fallen to the ground. On awakening she experienced severe generalized head- 
ache. When first seen in 1940 she had suffered three such attacks. At that time no aura nor 
actual convulsion had been observed but the headaches had been so severe as to require mor- 
phia. On one occasion nausea and projectile vomiting had persisted for 24 hours. Stiffness of 
the neck was not recalled. 

No neurological abnormalities were found at that time, save that the right optic disk 
appeared suspiciously blurred. The visual fields were normal on perimetric examination. 
Lumbar puncture revealed clear, xanthochromic CSF under a pressure of 180 mm. of water. 
The fluid contained 56 red blood corpuscles and 34 lymphocytes; protein content was 65 mg. 
per cent; sugar and chlorides were within normal limits; and Wassermann reaction was nega- 
tive. Roentgenograms of the skull and an encephalogram were normal. Although a diagnosis 
of aneurysm of the circle of Willis was made, no surgical therapy was undertaken. 

Readmission in 1953. She reported that the “‘spells” had become more frequent and had 
not been controlled by any of a variety of anticonvulsive medications. They sometimes oc- 
curred daily for about a week, or weekly, or again might skip several weeks. She believed them 
particularly likely to appear just before menstruation or when she was very tired. There 
was sometimes an aura of a “tight feeling in my forehead,” of “gas cramps in my stomach” 
or of “tension all over.’ This was soon followed by staring and abrupt suspension of any ac- 
tivity. On some occasions she lost consciousness but no convulsive movements were ever 
observed. Headaches in the frontal and occipital regions sometimes followed these attacks 
but occasionally occurred independently. 

Between the two hospital admissions she had married and borne three normal children. 

Examination revealed an intelligent young woman, rather apprehensive and just recover- 
ing from a severe headache. The skull was externally negative and no bruit could be heard. 
No neurological abnormalities were detected save for mild fanning of the toes under scopola- 
mine. Perimetry disclosed left upper quadrant homonymous hemianopsia. Roentgenograms 
of the skull (Fig. 1) now revealed a considerable amount of speckled calcification scattered 
over a wide area in the region of the right temporal and occipital lobes. There was a single ring- 
shaped zone of calcification near the cortex. EEG disclosed slow waves emanating from the 
right temporoparietal region. 

The diagnosis of aneurysm was again made, and because of the hemianopsia and roent- 
genological changes, it was believed to lie in the right temporal lobe. A right carotid angio- 
gram (Fig. 2) showed distinct upward displacement of the middle cerebral group with eleva- 
tion of the supraclinoid portion of the internal clinoid. A vessel which originated from the 
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Fic. 1. Roentgenogram showing finely speckled calcification in the right temporal lobe region. 


br- internal carotid artery proximal to the middle cerebral, believed to be the posterior cerebral 
of artery, was displaced upward parallel to the latter. No vessels were seen entering the large 
| temporal area in which calcification was seen. Hence the diagnosis was changed from “‘aneu- 
sk rysm” to “tumor.” 

ns Operation (March 3, 1953). Under sodium pentothal, nitrous oxide and oxygen a right 
er. temporo-occipital bone flap was turned. The tissues were not abnormally vascular. The dura 
1g. mater was quite tense but became slack after the left ventricle was tapped through a left 
a frontal trephine opening. The surface of the posterior portion of the temporal lobe was pale 
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'a- Fic. 2. Right carotid angiogram showing upward displacement of middle cerebral 
and posterior cerebral (?) arteries. 
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and the gyri were flattened by an underlying mass. The cortical veins were not engorged and 
did not appear to contain arterial blood. After division of the veins of L’Abbé, upward retrac- 
tion of the temporal lobe revealed a potato-like mass, ca. 7 cm. in diameter, lying upon the 
tentorium. Its lateral portion felt solid and was not pulsating, but the medial pole, which ex- 
tended to within 2 cm. of the midline, was pulsating, and at its inferior pole a distinct thrill 
could be felt. There were three small sacculations on the main aneurysm (Fig. 3). After resec- 
tion of the overlying portion of the temporal and occipital lobes one could discern two large 
vessels (ca. 3-5 mm. in diameter) entering the medial pole of the aneurysm via the incisura. 
No emissary veins were observed then nor subsequently. The posterior cerebral tree appeared 
to be independent of the aneurysm. 

With the finger as a guide it was then possible to encircle the neck of the aneurysm at 
the incisura with a large aneurysm needle carrying a strand of medium silk. By means of the 
latter a broad piece of hernia tape was then cir- 
cumducted. This was then tied tightly about the 
neck, causing the pulsations to disappear. How- 
ever when resection of the aneurysm was begun 
forceful arterial bleeding ensued. This was readily 
controlled when the tip of the finger compressed 
the incoming vessels against the incisura. The 
hernia-tape ligature was then gently compressed 
with a Kelly clamp, and all bleeding ceased im- 
mediately. The aneurysm was then excised, leav- 
ing a neck about 1 cm. in diameter protruding 
beyond the clamped tape. This was closed with a 
lock stitch of 5-0 arterial silk. The hernia-tape 

TRI 4 5 ligature was further reinforced with a heavy silk 
tie. No further bleeding ensued when the clamp 

Fic. 3. Large aneurysm clearly showing was removed. 
two secondary or daughter aneurysms. Be- The patient’s condition had not altered and 
tween these two structures there is a third there was no visible change in the circulation of 
pyramidal projection, which may represent the remaining portion of the occipital lobe. It was 
the early developmental stage of another out- ee z 1 th aie i f 
growth. thus presumec that t us aneurysm arose Irom 

some portion of the basilar arterial tree other 
than the posterior cerebral. 

Pathologic Report. The formalin-fixed specimen received in the laboratory consisted of an 
aneurysm measuring 4.5 3X3 cm. This roughly ovoid structure was composed of a rela- 
tively thin grey-white membrane in which foci of calcification, evident atherosclerosis, were 
present. Projecting outward from the primary sac were two secondary or daughter aneurysms, 
which measured 2X1X1 cm. and 1.5X1X1 em. respectively. There was also a roughly 
pyramidal protuberance consisting of a wide-based but pointed tip, measuring 1.5 1X1 
cm., which appeared to represent the early development of a third daughter aneurysm. The 
lumen of the aneurysmal sac contained not only freshly congealed (and formalin-fixed) 
blood, but also laminated ante mortem thrombus, later confirmed by histologic examination. 

Course. Convalescence was complicated by a small extradural clot and beta hemolytic 
Staphylococcus aureus infection. The bone flap was sacrificed and terramycin, to which the 
organism was sensitive, was administered in doses of 500 mg. every 4 hours by mouth. The 
temperature, which had reached 104°F. on the 4th day after operation, soon returned to nor- 
mal, and the wound healed slowly. However her general condition remained excellent. There 
was never any evidence of subdural infection. 

At the time of discharge, 12 days after operation, the left plantar response was extensor 
in type, and ankle clonus was present on the left. Left homonymous hemianopsia was present; 
however macular vision appeared to have been spared and visual acuity was 20/20 in each 
eye. At the present time (12 months later) the visual field defects remain but the pyramidal 
tract signs have almost completely disappeared. She looks well, has no complaints and is 
carrying out her household duties normally, Dilantin gr. 14 is being administered twice 
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daily; she has had no further seizures nor headaches. Cranioplasty will be performed at a 
later date. 
COMMENT 


It is regrettable that vertebral angiography was not performed preoperatively, 
for the origin of the aneurysm might then have been precisely disclosed. It is un- 
likely, however, that the operative attack would have differed. 

Rupture of the neck of an aneurysm is an ever-present hazard in its removal. 
This experience suggests the possibility of the protection of this friable structure 
with hernia tape before it is clamped, clipped or tied. In any case, the induction of 
local hypotension by noose* or acupressure is distinctly advantageous. Actual 
closure of the aperture by fine arterial suture is often feasible, as has previously been 
demonstrated in the case of certain berry aneurysms of the middle cerebral‘ and 
anterior communicating arteries. 

It has long been known that aneurysms of the circle of Willis vary greatly in 
size, situation and number; relatively less attention has been given to their variabil- 
ity in shape. A few scattered reports describe aneurysms which were “‘dumbbell- 
shaped,” ‘“‘multilobular,” or with ‘‘daughter”’ sacs arising from the parent aneurysm 
(Table 1). From the standpoint of diagnosis a mural thrombus may interfere with 
the arteriographic demonstration of a sacculation or, on the contrary, may give the 
erroneous impression of a lobulation, when none actually exists. 

The usual stereotyped description of berry or saccular aneurysms represents 
them as having an ovoid or spherical appearance. Consequently the incidence of 
lobulated aneurysmal structures is greater than is realized. A review of the 52 
autopsy specimens of “berry” or “congenital” type aneurysms of the circle of 
Willis preserved in our Department of Pathology reveals 4 instances of sacculation 
(Table 1) while Wolfe” refers to 2 such cases in a series numbering 47. 

The available descriptions of the gross appearance, location and size of many of 
the previously recorded examples of this condition are summarized in Table 1. 
Léfstedt® noted a dumbbell-shaped aneurysm by angiography. This lesion may 
truly have been lobulated, but the possibility of artefact caused by thrombus has 
to be considered. Otherwise, except for the present case, all other instances of lobu- 
lated aneurysms as given in Table 1 represent postmortem studies. 

More than half of the above-described aneurysms had ruptured. From the de- 
scriptions available it appears likely that many of these lesions might, with presently 
available methods, have been successfully resected. 


SUMMARY 


1. Successful extirpation of a large multisaccular aneurysm is recorded. While 
it lay upon the tentorium, it originated from vessels which came up through the 
incisura. 

2. The possibility of protecting the neck of certain aneurysms with hernia tape 
before occlusion is suggested. Local hypotension induced by noose or, as in this 
instance, by acupressure, affords greater safety. If desirable, the neck may be clipped, 
tied, or in certain instances, closed by suture. 

3. A compilation of reported instances of multisaccular aneurysms is given. It is 
believed that such structures occur more frequently than has heretofore been real- 
ized. 

REFERENCES 


1. Bassett, R.C. Intracranial aneurysms. I. Some clinical observations concerning their development. 
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TABLE 1 


Multisaccular aneurysms 











No. — Age Sex Rupture _ Site of Aneurysm Remarks 
1. Serres” 59 =F ? ~=Ant. comm. art. Biloculate, size of musket 
1826 ball 
2. Lebert™ 68 M — _Basilar Size of hen’s egg with 3 out- 
1836 pouchings 
3. Smith” 54 M Branch of basilar Size of small apple, multi- 
1842 locular 
4. Ogle'8 46 F — Lt. ant. cerebellar Nodulated, size of walnut 
1865 
5. Ogle'’ 53 *F + Lt. mid. cerebral Size of walnut, divided into 
1865 2 lobules 
6. Bristowe® 27 «=F + Lt. mid. cerebral 2” in size with 2 projections 
1867-68 large as cherry stones 
7. Lorber'6 49 M + _ Rt. ant. cerebral Size of pigeon egg with pro- 
1868 jection large as hazelnut 
8. Church 13 M + _ Rt. mid. cerebral Bilocular, form and size of 
1869 walnut; rupture of larger 
sac 
9. Engle® yy 6F +  Basilar Double sac; anterior sac 
1876 plum size, posterior sac 
size of hazelnut 
10. King” 30 M + Rt. ant. cerebral Biloculate 
1876 
11. Bramwell? 43 =F — Rt. post. cerebral Huge, 2X 13X14”, with sec- 
1887 ondary sac 
12. Bramwell? 31 M — Rt. int. carotid Greatest diameter 3”, with 2 
1887 small subsidiary sacs 
13. Hutchinson" 26 M ? Basilar Lobulated, 2X1 em. Aortic 
1889 valvulitis with vegeta- 
tions, so may be mycotic 
14. Pitt?! 16 F  — _ Rt. mid. cerebral Bilobed; considered mycotic 
1890 because of bacterial endo- 
carditis 
15. Kiimmell 37 M ? — Plum-sized; in 2 parts 
1911 
16. Drennan? 44 M + Ant. comm. Lobulated, 3 mm. in diame- 
1921 ter 
17. Duguid® 17 M + — Junet. It. vert. at basi- Trilobed. 2nd sac arose from 
1925 lar Ist, and 3rd sac arose from 
2nd 
18. Parker!? 20 M + _ Lt. post.comm.at mid. Dumbbell-shaped; 2nd un- 
1926 cerebral ruptured aneurysm; co- 
arctation of aorta 
19. Székely* 31 M + _ Ant. comm. Lentil-size with pea-size pro- 
1928 tuberance 
20. O’'Crowley & Mart- 42 M + _ Rt. mid. cerebral Lobulated; 2 unruptured 
land!? aneurysms It. mid. cere- 
1939 bral; polycystic kidneys 
21. Evans & Courville’® _-_ — ? Lt. mid. cerebral Double swelling seen in pho- 
1939 tographs; 2 other aneu- 
rysms 
22. Richardson & Hyland 49 M —_ Ret. vertebral Dumbbell-shaped, nodular 
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5X3X2 cm. in size 











~ 


aw 





ut- 


Iti- 


nto 
ons 


ro- 

it 
of 

ger 


sac 
sac 


ec- 


tic 
ta- 
tic 
lo- 


om 
om 








No. 


23. 


30. 


or 


ir) 


~ 


-_ 
— 


MULTISACCULAR ANEURYSM 


TABLE 1 (Continued) 


Author 


‘Vase Age Sex Rupture Site of Aneurysm Remarks 
Dandy® 45 F — Rt. ant. cerebral 3.2 em. in length, hour-glass 
1944 shape 
Bassett! 31 M + Rt. ant. cerebral Doubly lobulated; vascular 
1949 anomaly also present 
Lofstedt® - - ? Ant. cerebral Double sac (dumbbell) seen 
1950 by angiography only 
Authors’ case = F + Lt. mid. cerebral 1.0X0.5X0.5 em., biloculate 
. Authors’ case 39 F + Lt. int. carotid at mid.  1.5X0.7X0.4m., small nod- 
cerebral ule on sac 
Authors’ case 54 F + Lt. int. carotid at mid. 2.3X0.8X0.6 cm.,biloculate 
& ant. cerebral 
Authors’ case 38 =F — Rt. mid. cerebral 1.5X0.7X0.7 cm. with nod- 
ule 0.3 cm. on sac. Rup- 
tured symmetrical an- 
eurysm of It. mid. cerebral 
Present case 33 =F + Basilar tree 4.5X3X3 cm. Two daughter 
sacs and 1 incipient daugh- 
ter sac 
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137: 18-28. 
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157. 
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. Oct, J. W. Cases illustrating the formation of morbid growths, deposits, tumours, cysts, &c., in 


connexion with the brain and spinal cord, and their investing membranes. With observations. VIII. 
Deposits, tumours, etc., in connexion with the intra-cranial blood-vessels. Brit. Foreign med. chir. 
Rev., 1865, 36: 491-521. 
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Psychiat., Chicago, 1926, 16: 728-746. 
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1941, 20: 1-83. 
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10: 419-431. 

24. Smitu, R. W. Miultilocular aneurism at the base of the brain. Proc. path. Soc. Dublin, 1842, 1: 
205-206. 

25. SzEkeLy, K. Aneurysmen der Hirnarterien. Beitr. gerichtl. Med., 1928, 8: 162-177. 

26. Wotre, H. R. I. Spontaneous subarachnoid haemorrhage. A surgical challenge. Brit. J. Surg., 
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BILATERAL ANGIOMA OF CHOROID PLEXUS 
CASE REPORT* 


T. H. McGuire, M.D., JAMes GREENWOOD, Jr., M.D., AND BerNE L. Newton, M.D. 


Department of Surgery and Pathology, Methodist Hospital and Baylor University College 
of Medicine, Houston, Texas 


(Received for publication May 7, 1954) 


A review of the literature disclosed 8 reported cases of angioma of the choroid 
plexus, but no instance of bilateral angioma was recorded.'~:? Liber and Lisa® 
reviewed the symptomatology of 6 cases. All patients except 1 were under 17 years 
of age and 3 were infants. All but 1 had evidence of cerebrospinal hemorrhage. 
Hydrocephalus was evident in the 3 infants, as it was in our case. Our case presents 
essentially the picture of infant hydrocephalus with intraventricular hemorrhage 
which has been relieved by bilateral excision of angiomas of the choroid plexus. 


CASE REPORT 


W.T., a 3-month-old white male infant, was admitted to the neurosurgical service at the 
Methodist Hospital on Jan. 9, 1952, because of excessive increase in the size of his head. 
The birth weight was 73 lbs. and the immediate post partum period was uneventful. At a rou- 
tine 6-weeks’ examination, the parents were told that his head was larger than normal, and 
4 weeks later the head showed a progressive enlargement, for which the child was hospitalized. 

Examination. The circumference of the head was 44 cm. and the fontanelles were open 
and bulging. There was a rough, raised hemangioma, 2.5 cm. in diameter, on the extensor 
surface of the right arm at the elbow (Fig. 1). There was marked anemia, the RBC being 
2,240,000, hb. 6.1 gm., and WBC 10,800 with a normal differential. Bleeding and clotting 
time were normal. 

Bilateral subdural taps were negative, but at a depth of 23 cm. xanthochromic, blood- 
tinged fluid was recovered from the ventricle. PSP dye injected was recovered almost immedi- 
ately in the spinal subarachnoid space. Ventricular fluid contained 141 mg. per cent protein, 
1,750 RBC, and 24 lymphocytes. Ventriculography showed symmetrical dilatation of the 
entire ventricular system. 

Course. The child received multiple small blood transfusions and ventricular taps were 
done daily with the removal of 30 to 50 cc. of CSF. By the 12th day the fluid was free of gross 


* Presented at the meeting of the Southern Neurosurgical Society, Houston, Texas, March 13, 1953. 
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blood, but the xanthochromia persisted. 
After 6 weeks the fluid was clear, colorless, 


dy : and contained only 3.8 mg. of protein, with 
dine } no cells. The fontanelle, however, continued 
6 ‘ to be tense when taps were temporarily dis- 
‘i continued. 

1: Operations. Seven weeks after admission, 


a right choroid plexectomy revealed a dis- 
colored, red-purple plexus about twice the 
9-5 normal size. 

Seven days later, a left choroid plexecto- 
my (Fig. 2) disclosed a similar plexus of deep 
red color, about three times the usual size. 

Course. Following surgery the child re- 
tained its feedings normally and the fon- 


sr aI 





tanelle remained depressed. One week later 
/ the hemangioma of the right elbow was re- Fic. 1. Hemangioma of the skin of the right arm. 
, moved and 4 days after this the child was 


discharged from the hospital. Circumference of the head was 43.5 cm. and his weight 16 lbs. 
Pathological Report (Methodist Hospital #19605, right, and #19708, left). The plexuses 
were essentially similar. They were enlarged, dark red, and glistening. The normal papillary 
projections seemed ironed out. The plexus on the left side was larger, measuring 1.5 X 1.4 X0.5 
em.; the right was 1.8 X0.8 0.5 cm. 
Microscopically the striking feature was the presence of ramifying blood-filled channels 











id lined by endothelial cells and with scant and, for the most part, compressed stroma composed 
a8 of spindle-shaped cells and collagen. Few recognizable papillary processes were seen, and 
rs little evidence of remaining lining epithelium was present. Through the sections a well-marked 
e. vasodilatation was seen which appeared distinctly apart from the angiomatous pattern noted 
ts above. — - ; : ner 
me Examination of sections from the skin lesion on the arm revealed the characteristic pattern 
‘ | of a hemangioma, predominantly of capillary type. 
: Subsequent Course. One year after discharge from the hospital, the child weighed 28 lbs, 
: and the head measured 50.5 cm. The fontanelle was closed. He was talking in monosyllables, 
was able to say some short phrases, and sat alone. He could walk about the room by holding 
1e on to furniture. Subsequent development has been normal and the fontanelle remains closed. 
d. . 
iis COMMENT 
4 Of 25 children who have had plexec- 
oi | tomies since 1939, 3 can be classified as 
ne excellent results with regard to normal 
g physical and mental development with 
g control of hydrocephalus. Microscopic 
i review of the lesions in these 3 cases 
1- showed that 1 should have been classi- 
i- | fied as angioma and another as having 
n, i at least marked vasodilatation suggest- 
e : M 2 ing angioma. The third plexus was not 
- | | rE | BER ES bee) | itt | remarkable. The production of exces- 
| sive fluid as a cause of hydrocephalus 


Fic. 2. The gross appearance of the choroid plexus 1!" SOMe Cases is at least a rational spec- 
removed from the left lateral ventricle. ulation. 
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SUMMARY AND CONCLUSIONS 


A case is reported of a 3-month-old infant with hemangioma of the skin of the 
right elbow, communicating hydrocephalus, and bilateral angioma of the choroid 
plexus. Following choroid plexectomies, the hydrocephalus has been arrested for a 
period of 2 years. 

The role of angioma of the choroid plexus in production of hydrocephalus must 
be considered from the standpoint of overproduction of fluid as well as from intra- 
ventricular hemorrhage, since, in this case at least, there was no relief in intracranial 
pressure after there was clearing of the ventricular fluid. 
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A NEUROSURGICAL INSTRUMENT TABLE 


Lye A. Frencu, M.D., anp GENEVIEVE ScHoLtis, R.N.* 


Division of Neurosurgery, Department of Surgery, University of Minnesota, 
Minneapolis, Minnesota 


(Received for publication March 1, 1954) 


This is a report on a neurosurgical operating room tablet that has been used at 
the University Hospital, Minneapolis, for the past three years and is considered a 
definite adjunct to both the nurse and the surgeon. This table has made it possible 
to obtain satisfactory assistance from graduate nurses who have had little operating 
room experience and from student nurses. 

With the use of this table the nurse can easily anticipate the needs of the surgeon 
since she has complete view of the operative field. All the instruments necessary 
for any type of operative procedure can be placed on the table within view of both 
the nurse and the surgeon. The table itself is stabile, will not tip and can be elevated 
or lowered to accommodate any desired position in which the patient is placed. The 
platform is adjustable to the height of the nurse. 

From the standpoint of the anesthetist, it is advantageous for it permits excellent 





* Operating room supervisor, University Hospital, University of Minnesota. 
+ Manufactured by Phelan Manufacturing Company, 2826 Cedar Avenue, Minneapolis, Minnesota. 
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Fic. 1. Photograph of instrument table in 
position against operating table. The various 
levers used to adjust the height of the table and 
foot platform can be seen. 








observation of and access to the patient. Administration of intravenous fluids, 
adjustments of airway, and introduction of a spinal needle are facilitated. When used 
with patients under local anesthesia it produces a better psychological effect for it 
removes for the patient the sensation of being covered up. 

The table has been used in performing laminectomies and sympathectomies, 
as well as craniotomies. 








Fic 2. Photograph showing table in use. Ready access to the patient is the 
chief advantage for the anesthesiologist. 








NOTICES 


AMERICAN BOARD OF NEUROLOGICAL SURGERY 


Examinations were given by the American Board of Neurological Surgery in 
Chicago, Illinois, May 1-4, 1954, and the following were certified: 
Bakay, Louts Massachusetts General Hospital, Boston 14, Mass. 

Buake, Paul S. 1050 Medical Arts Bldg., Minneapolis 2, Minn. 
Brackett, Cuartes E. University of Kansas Medical Center, Kansas City, Kan. 
Dawson, Ratpu E. 1021 Mott Bldg., Flint, Mich. 

Dunsar, HowarpS. 430 East 63rd St., New York 21, N. Y. 
Fountain, Epmunp M. Hermann Professional Bldg., Houston, Texas 
Grizzarp, VERNON T. 512 Greenleaf Bldg., Jacksonville 2, Fla. 
Hazourt, Louis A. 1528 13th Ave., Columbus, Ga. 

HETHERINGTON, JoHN 822 Hume Mansur Bldg., Indianapolis, Ind. 
Jounson, A. Beaumont, IL Kennedy Hospital, Memphis 15, Tenn. 
Kite, William C., Jr. 47 South Lake Ave., Albany, N. Y. 
KVERNLAND, Bruce 833 S. W. 11th Ave., Portland, Ore. 
McFappen, Joseru T. 405 Wainwright Bldg., Norfolk 10, Va. 
McLaurin, Rosert Cincinnati General Hospital, Cincinnati 29, Ohio 
Nasu, Tom Medical Arts Bldg., Dallas, Texas 

Peterson, Ertc W. Ottawa General Hospital, Ottawa, Ont., Can. 
Picaza, JorGeE A. Calle 15, No. 759 Vedado, Havana, Cuba 

Rugs, Dantet 700 North Michigan Ave., Chicago 11, IIl. 

Sacus, Ernest, Jr. Hitchcock Clinic, Hanover, N. H. 

Smitey, Gorpon 319 First Savings & Loan Bldg., Saginaw, Mich. 
SPEAKMAN, Tuomas J. 841 Teglar Bldg., Edmonton, Alta., Can. 
Stern, Water E. Dept. of Surgery, Medical Center, University of California at Los Angeles, Los 

Angeles, Calif. 

Warren, Witit1AM S. 458 Government St., Mobile, Ala. 
Wen, Hstane Lar (Foreign) Muntok Bangka, Indonesia 
Weyanpb, Rosert D. 411 30th St., Oakland, Calif. 


AMERICAN NEUROLOGICAL ASSOCIATION 


At the 79th annual meeting of the American Neurological Association held in 
Atlantic City, New Jersey from June 14-16, 1954, the following officers were elected 
for the year 1954-1955: President, Dr. Percival Bailey; President-Elect, Dr. J. M. 
Nielsen; First Vice-President, Dr. A. R. Vonderahe; Second Vice-President, Dr. 
Paul C. Bucy; Secretary-Treasurer, Dr. H. Houston Merritt; Assistant Secretary, 
Dr. Charles Rupp. 


LATIN-AMERICAN NEUROSURGICAL CONGRESS 


The 6th Latin-American Neurosurgical Congress will be held in Montevideo, 
Uruguay from March 21-25, 1955. An interesting program has been prepared, the 
main subjects being brain herniations, pain surgery and dyskinesias. There will also 
be a symposium on the thalamus. It is hoped that many from the United States will 
attend. Papers should be sent to the General Secretariat of the Congress—Con- 
vencién 1287, Montevideo, Uruguay before March 1, 1955 if they are to be pub- 
lished in the transactions of the Congress. Abstracts of papers should be sent not 
later than January 1, 1955. 
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PSEUDOTUMOR CEREBRI ¢ 


GEORGE D. ZUIDEMA, M.D., ann SOLOMON J. COHEN, M.D. 


Department of Surgery, Massachusetts General Hospital, Boston, Massachusetts, and 
Department of Pediatrics, Babies Hospital, the Presbyterian Hospital 
of the City of New York 


(Received for publication May 7, 1954) 


NCREASED intracranial pressure is a condition that can be produced by 

any of several mechanisms. The more common of these are: obstruction 

to the normal circulation of cerebrospinal fluid; space-occupying intra- 
cranial lesions; cerebral edema; hypertensive crises; and the general group 
of conditions that produce local or generalized elevation of the venous pres- 
sure, such as dural sinus thrombosis or right ventricular failure. 

In most cases the etiology of the intracranial hypertension is readily de- 
termined. However, in a certain group of patients who present the signs and 
symptoms characteristic of elevated intracranial pressure, the usual diag- 
nostic studies such as ventriculography or arteriography fail to reveal any 
abnormality. This group is characterized clinically by: 1) increased intra- 
cranial pressure; 2) normal ventricular system; and 3) normal cerebrospinal 
fluid, except for pressure. The syndrome is known variously as pseudotumor 
cerebri, intracranial hypertension of unknown etiology, serous meningitis or 
otitic hydrocephalus. 

We felt that by long-term follow-up studies of this group some subtle, 
originally present but unrecognized changes, might become apparent, and 
thus help to explain a bizarre clinical picture. For this purpose it was de- 
cided to study once again the 22 patients reported by Dr. Dandy! in 1937 
from this hospital; and in addition to follow 39 similar patients seen here 
from 1937 to the present, in an effort to discover if time had made any patho- 
logical basis clear, and to determine, if possible, what clinical course and 
prognosis might be expected in cases of this kind. 


REVIEW OF LITERATURE 


Many authors have attempted to clarify the etiology of this condition.+ 
In 1936 Davidoff and Dyke? described similar cases under the name of 
serous meningitis. Yaskin, Groff, and Shenkin"™ have more recently reported 
12 additional cases. 

In 1937 Dandy! reported 22 cases of pseudotumor cerebri from the Johns 
Hopkins Hospital. He noted that the pressure was often subject to rapid and 
extensive changes, remaining elevated for varying periods. He postulated 
that such fluctuations were caused by temporary variations in vascular 
permeability, and therefore associated with transient cerebral edema. 

Five cases were reported by Sahs and Hyndman! in 1939. They reasoned 
that cerebral edema of a type characterized by rapid development and slow 
resolution offered the most satisfactory explanation. They emphasized the 
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absence of an inflammatory process, as evidenced by the normal cellular 
pattern of the cerebrospinal fluid. 

Of considerable interest is the case reported by McCullagh,’ in which a 
similar picture seems to have been secondary to menstrual edema. A low- 
sodium diet and extract of pregnant urine controlled the condition without 
recourse to subtemporal decompression. 

Elkins and Rack’ reported 3 additional cases. They emphasized that this 
diagnosis cannot be allowed to rest on inadequate or incomplete diagnostic 
studies; and that even in the absence of a definite diagnosis, advancing 
papilledema with decreasing visual acuity and intractable headache may re- 
quire surgical decompression as an emergency procedure. 

Symonds” in 1931 first called attention to the syndrome in which infec- 

tion of the ear is followed by intracranial hypertension; and Gardner* in 
1939 reported 10 additional cases. In the latter series the presence of dural 
sinus thrombosis was proven at autopsy or mastoidectomy in 5 cases, and 
suggested by a positive Tobey-Ayer test in 3 other cases. In 1 patient the 
process subsided spontaneously, while in the remaining 9 repeated lumbar 
punctures were required. In addition, subtemporal decompression was used 
in 4 cases. Gardner said, 
“If, as is not infrequently the case, one of the lateral sinuses constitutes the chief 
emissary for the intracranial circulation, then I believe it is possible for a thrombosis 
of this sinus alone to produce the picture of increased intracranial pressure. . . . I 
am inclined to attribute the increased intracranial pressure simply to engorgement 
of the intracranial veins, plus, in some cases, sterile subdural effusion resulting from 
external pachymeningitis. Recovery from this state of increased intracranial pressure 
occurs when, by means of recanalization or the development of collateral supply, 
the return of venous blood from the cranial cavity is once more adequate.” 


Ray and his co-workers* have, in the course of their development of 
dural sinus venography as a diagnostic tool, demonstrated the occurrence of 
dural sinus thrombosis in 2 of the 9 cases published in their report in which 
the clinical picture was identical with that of pseudotumor cerebri. One of 
these patients had otitis media and mastoiditis, but the other had no such 
history or physical findings. 

It seems likely that the syndrome of pseudotumor cerebri actually is 
caused by a number of different pathological entities. As we learn more about 
the physiology of the cerebrospinal fluid circulation we can expect to sepa- 
rate certain patients with demonstrable causes of intracranial hypertension 
from those who must remain classified as idiopathic cases. Such has hap- 
pened to those patients with adhesive arachnoiditis who originally must 
have fallen into this group. 


CASE MATERIAL 


The aim of this study was twofold: 1) to determine if long-term follow-up 
review of cases might contribute to the discovery of a more clear pathological 
basis; and 2) to discover the clinical course and prognosis of the syndrome. 
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To achieve this end, 2 groups of cases were selected, and follow-up reports 
were obtained by means of questionnaires which were submitted to both the 
patient and his family physician. The forms consisted of the following ques- 
tions: 


i. 
2. 


3. 


What has been your general health since your operation at Johns Hopkins Hospital? 
Has there been any recurrence of the symptoms which brought you to Johns Hopkins 
Hospital? 
Have you developed any other serious illnesses since your last visit to Johns Hopkins 
Hospital? 


. Have you had: 


a. severe headaches 

b. recurrent nausea or vomiting 
c. failing vision 

d. nervous system troubles 

e. convulsions or fainting spells 


. When was your last visit to your family physician? 
. Did your operation at Johns Hopkins Hospital benefit your condition? 
. Have you had to return to any hospital for the trouble for which you came to Johns 


Hopkins Hospital? 
If so, when and where? 


. What is the address of your family physician? 
9. Can you add any further information which you think might help physicians in treating 


other patients with your trouble? 


Group 1. Dr. Walter Dandy! in 1937 reported a series of 22 patients with 
the pseudotumor cerebri syndrome. We sent the questionnaire to these 22 
patients, their families, or their physicians, and were successful in obtaining 
follow-up reports on 12 of the original 22. The remaining 10 questionnaires 
were returned because the patient or physician had moved, or the address 
given in the hospital record was inadequate. There is good reason, however, 
to believe that these 12 patients are representative of the group as a whole 
and significant. 

Ten of the 12 patients followed are living and well today. Nine of the 12 
had had subtemporal decompressions. There were 2 deaths in this group: 
(1) Fifteen years after her original subtemporal decompression, V.R. (Case 


2,U 


-27949) was found to have an intracranial aneurysm. She was explored, 


but died of surgical complications. (2) Eight years following operation, B.P. 
(Case 5, U-37125) manifested what was diagnosed elsewhere as multiple 
sclerosis. No postmortem examination was obtained, however. 


In regard to the 10 patients with this syndrome who did well, it is difficult 


to relate their improvement to any specific therapy. Dandy’s original sug- 
gestion of a temporary change in vascular permeability associated with 
transient cerebral edema remains a good explanation (Table 1). 


Group 2. The patients in this group are those who were seen in the Johns 


Hopkins Hospital from 1937 to 1953. A survey of neurosurgical and neuro- 
medical admissions during this period yielded a total of 58 cases fulfilling 
the criteria of: 1) increased intracranial pressure, 2) normal ventricular sys- 


tem, and 3) normal cerebrospinal fluid, except for pressure, Of these 58 pa- 
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TABLE 1 


Follow-up times on the 10 surviving patients of Dandy’s original 22 





Time Number of Patients 





5-10 years 3 
10-15 years é 
15-20 years 3 
over 20 years 1 





tients, some later showed demonstrable cause of intracranial hypertension 
leaving 39 with classical pseudotumor syndrome (Table 2). 

The 6 cases in which an association with upper respiratory infection was 
noted appear to be quite typical of those described by Symonds” and Gard- 
ner,’ and designated otitic hydrocephalus. 

Of the 4 cases later proven to result from actual brain tumor, in none was 
the correct diagnosis made on the first admission, and in the fourth case the 
tumor was not detected until the third admission, and this in spite of normal 
ventricular pattern. Three tumors were astrocytomas, and one was a melano- 
sarcoma, apparently primary in the meninges. 

It is important to note that the diagnosis was made at various intervals 
after the onset of symptoms, the times ranging from 3 to 9 months. This has 
important bearing prognostically, for it suggests that if an actual tumor is 
present, one may fairly expect it to become manifest within a year at most 
after the onset of symptoms. It also suggests, although our data are admit- 
tedly limited, that if a patient survives without recurrence or progression for 
2 years, his prognosis improves markedly. 

It is noteworthy that the syndrome of pseudotumor cerebri is seen most 
often before the age of 30 years. Of the 39 cases followed since 1937, 44 per 
cent were in the 20-30 year age group; and 41 per cent of Dandy’s cases were 
in the same age group (Table 3). 

The sex incidence is also significant, for both series show a marked pre- 
ponderance of pseudotumor syndrome in females. Of Dandy’s 22 patients, 





TABLE 2 


58 cases of intracranial hypertension from 1937 to 1953 


Number of Cases Explanation of Intracranial Hypertension 








~ 


Associated with respiratory infections or otitis media. 


5 Dural sinus thrombosis, proven at autopsy or operation. 
3 Postoperative deaths, without autopsy examination. 
4 Brain tumor found on subsequent admission. : 
1 Rheumatic heart disease with mitral stenosis. 
39 Pseudotumor cerebri; no demonstrable cause found. 


or 
ie 2) 

















net SEIDEN ATER a 2 


PSEUDOTUMOR CEREBRI 
TABLE 3 


Distribution of cases in regard to age groups 


Age Group Dandy’s Series J.H.H. Series, 1937 to 1953 








0-10 1 5 
11-20 2 8 
21-30 9 17 
31-40 + 6 
41-50 6 1 
51-60 0 2 


22 39 


16 were females, a 3.7 to 1 incidence; and 29 of the 39 patients in the more 
recent series were likewise females. This is nearly a 3:1 incidence. In a num- 
ber of patients the severe headaches occurred in association with menses, and 
in one instance the onset of symptoms coincided specifically with the onset 
of a menstrual period. In only one case did the syndrome develop during 
pregnancy. 

From the questionnaires submitted to the second group of patients it was 
found that the results in general agree very closely with those of the first 
group. 

Of the 39 cases reviewed we were able to follow 26. Five patients had 
died, with 21 patients surviving (Table 4). 


TABLE 4 


Follow-up times on 21 cases studied from 1937 to 1953 


Time Number of patients surviving 





0-5 years 11 
6-10 years 4 
11-15 years 6 

21 





These 21 survivors represent a survival rate of 87 per cent, a rate iden- 
tical with that found in Dandy’s group. The causes of death and duration of 
survival are shown in Table 5. It is noteworthy that in only 3 of the 26 cases 
could death be attributed to a neuropathological condition. 

Of the 21 survivors, only 9 had a recurrence of symptoms at a later date. 
These symptoms ranged from headaches and blurred vision to a complete 
recurrence of the original syndrome. The type of treatment used in these 
cases is shown in Table 6. Since subtemporal decompression was offered only 
to the more severely ill patients, it would seem that the prognosis is good 
even in this group. 

One patient (J.H.H. 106203) had a craniotomy elsewhere when her 
symptoms persisted. Thrombosis of the cerebral veins was found. She has 
done well for 15 years postoperatively. 
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TABLE 5 


Survival times and causes of death in the cases from 1937 to 1953 








Case Time of Survival Cause of Death 





1 12 months “Probable organic brain disease”’ 
(only report available). 

1 14 months ‘Progressive CNS disease” 
(only report available). 

1 11 years Myocardial infarction. 

1 13 years Pneumonia and “heart disease.” 

1 ? Cause of death unknown. No autopsy. 

5 








In addition we followed 4 of 6 patients in whom the pseudotumor syn- 
drome appeared after an upper respiratory infection. These cases were clas- 
sified as otitic hydrocephalus (Table 2). Three have done well, while one pa- 
tient continues to have headaches and blurred vision. 


DISCUSSION 


A summary of our experience with the pseudotumor syndrome is given 
in Table 7. 

In recent years rapid strides have been made in the development of new 
diagnostic techniques, and in the improvement and refinement of older meth- 
ods. Despite these advances some intracranial lesions continue to defy diag- 
nosis by the methods currently at hand. Present procedures for the demon- 
stration and diagnosis of intracranial vascular abnormalities consist of two 
general types. Intracranial angiography by injection of contrast media into 
the carotid or vertebral arteries provides good visualization of the arterial 
system but venous visualization is likely to be inadequate and limited to the 
delayed ‘‘flush” phase of venous filling. Ray et al.’ have developed the tech- 
nique of dural sinus venography as a diagnostic tool in the evaluation of in- 
tracranial disease. Their method employs: 1) direct injection into the supe- 
rior sagittal sinus of a contrast agent through a catheter introduced into the 
sinus; 2) retrograde injection of a contrast agent through a catheter intro- 
duced into the basilic vein of the arm and passed upward into the internal 
jugular vein to the superior bulb. Their published series of 9 cases so studied 
includes 2 cases in which dural sinus thrombosis was conclusively demon- 


TABLE 6 


Types of treatment used and long-term results 








Number of Cases Treatment Used Results 








2 Repeated lumbar punctures Excellent 
8 No treatment Excellent 
11 Subtemporal decompression Excellent in 6, good in 5 
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PSEUDOTUMOR CEREBRI 
TABLE 7 


Summary of cases 





Period Number of Patients Number Followed | Number Alive 





1930-1937 22 12 10 
1937-1953 39 2 21 


61 38 31 





strated. It is of interest that one of these patients had otitis media and mas- 
toiditis. The other patient (their Case 6) treated by removal of the thrombus 
remained well for 5 months postoperatively, thus far reported. 

It appears therefore that dural sinus venography promises to be an addi- 
tional diagnostic tool capable of yielding valuable information in patients 
with intracranial disease. 

Again it must be emphasized that the diagnosis of pseudotumor cerebri 
is one that should be made only after exhaustive studies. 

Patients presenting with this syndrome can be classified into three major 
groups: (1) Those with actual brain tumor, but in whom the disorder is not 
manifest enough for ready diagnosis. Conscientious follow-up of these cases 
will yield the correct diagnosis in a short time because of their progressive 
nature and the eventual development of localizing neurological signs. (2) 
Those with dural sinus thrombosis, usually associated with an upper respir- 
atory infection, in whom the disease disappears probably as recanalization 
occurs. (3) The remaining patients tentatively regarded as having “‘idio- 
pathic” pseudotumor cerebri, pending further study. This group has, on 
follow-up, been shown to have a relatively good long-term prognosis. 

A striking point which emerges from such a study is the similarity be- 
tween the cases of dural sinus thrombosis, whether or not it is preceded by a 
respiratory or middle ear infecticn, and the cases of pseudotumor cerebri. 
We feel, as others have, that it is likely that many, or perhaps even most, of 
the cases now designated as pseudotumor cerebri are in reality caused by 
unrecognized dural sinus thrombosis. It is possible that wider use of such 
diagnostic methods as dural sinus venography will confirm this impression, 


TREATMENT 


A variety of methods have been employed in the treatment of idiopathic 
intracranial hypertension. In milder cases repeated lumbar punctures as 
indicated by the clinical state of the patient are sufficient. In the more pro- 
nounced cases subtemporal decompression is indicated; and operative re- 
moval of a dural sinus thrombus has been reported by Ray.*® 

Gardner’ states, ““The chief value of subtemporal decompression in these 
cases is not that it causes a satisfactory reduction of the intracranial pres- 
sure but that the degree of tension in the hernia serves as a guide as to when 
a therapeutic lumbar puncture should be done.” 
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Actually, subtemporal decompression serves as more than simply as in- 
dicator for therapeutic lumbar punctures. Admittedly, its decompressive 
value is somewhat overestimated; nevertheless, it may in itself at times be 
the means of preserving vision in the face of advancing papilledema. Its 
advantage lies in the fact that it is a method for achieving a steady type of de- 
compression as opposed to the intermittent type of decompression obtained 
by repeated lumbar punctures alone. It may also be the instrument for pro- 
viding subjective relief, because splitting the dura mater relieves the ten- 
sion on a structure, the stretching of which is believed to be responsible for 
the severe headaches commonly present. 

It seems that subtemporal decompression has an important place in the 
treatment of the severely ill patient with intense headaches and progressive 
loss of visual acuity. The picture of impending visual loss described by 
Holmes,‘ in the absence of primary eye disease, includes any one of the fol- 
lowing clinical signs: (1) Rapidly developing papilledema. (2) High-grade 
papilledema (over 5 diopters) with retinal hemorrhages and exudates. (3) 
Marked retinal arteriolar constriction. (4) Narrowing of the visual fields. (5) 
Brief periodic blackouts, even if papilledema is not severe. 

Other indications include extreme degrees of intracranial hypertension, 
and the general clinical state of the patient. Under these conditions sub- 
temporal decompression must be considered without delay, even when the 
diagnosis of pseudotumor cerebri has been established by a normal ventric- 
ulogram. 


SUMMARY 


A study of the clinical syndrome of: 1) increased intracranial pressure, 2) 
normal ventricular system, and 3) normal cerebrospinal fluid, except for 
pressure, is presented. This syndrome seems to be caused by a number of 
different pathological entities. The role of dural sinus thrombosis in its 
pathogenesis is discussed, and is felt to be significant even in cases not pre- 
ceded by a recognized infectious process. 

At follow-up of 22 cases described by Dandy in 1937, a total of 12 were 
available for study. Of these, 10 patients were found to be living and well. 
Two had died, one of surgical complications following an intracranial aneu- 
rysm, and one probably of multiple sclerosis. This experience suggests a 
rather good long-term prognosis. 

Fifty-eight additional cases studied in the Johns Hopkins Hospital since 
1937 are reported. Of these, 11 were probably cases of dural sinus throm- 
bosis; 4 patients proved to have actual brain tumor; 3 died after exploratory 
craniotomy at which no pathology was found, and no autopsy was obtained; 
1 case was complicated by rheumatic heart disease with mitral stenosis. The 
remaining 39 cases of pseudotumor cerebri are analyzed. The sex incidence 
shows a predominance of females in a ratio of 3:1. The highest age incidence 
was found to fall in the 20-30 year group. Similar findings resulted from an 
analysis of Dandy’s 22 cases. 





eater AIS 3 


ocr sirname Sta AA et 








e 


a 
- 


) 


1, 
)- 
le 


\e 
1 


or 


ce 
n- 
ry 
d; 
ne 
ce 
ce 
in 


= - res ermmaremen ear neMndbanbeat A! 





PSEUDOTUMOR CEREBRI 441 


Different methods of therapy are discussed, and the indications for sub- 


temporal decompression in this condition are presented. 


It is emphasized that the diagnosis of pseudotumor cerebri should be one 


of exclusion, to be made only after exhaustive diagnostic procedures have 
been carried out. An argument is presented for further use of venography in 
the diagnosis of intracranial lesions. 


We would like to thank Dr. David B. Clark of the Department of Medicine of 


the Johns Hopkins Hospital for advice and encouragement in the preparation of 
this study. 


Or 


a 
a 


10. 
r. 


REFERENCES 


. Danny, W. E. Intracranial pressure without brain tumor. Diagnosis and treatment. Ann. Surg., 


1937, 106: 492-513. 


. Davivorr, L. M., and Dyke, C.G. A presentation of a series of cases of serous meningitis. J. nerv. 


ment. Dis., 1936, 83: 700-702. 


. Exxrys, C. W., and Rack, F. J. Cerebral pseudotumor or intracranial hypertension of unknown 


cause. Report of three cases. New Engl. J. Med., 1951, 244: 171-172. 


. Forp, F. R., and Murpuy, E. L. Increased intracranial pressure. A clinical analysis of the causes 


and characteristics of several types. Johns Hopk. Hosp. Bull., 1939, 64: 369-398. 


. GarpNER, W. J. Otitic sinus thrombosis causing intracranial hypertension. Arch. Otolaryng., 


Chicago, 1939, 30: 253-268. 


. Homes, G. The prognosis in papilloedema. Brit. J. Ophthal., 1937, 21: 337-342. 
. McCutzacu, E.P. Menstrual edema with intracranial hypertension (pseudotumor cerebri). Report 


of a case. Clev. Clin. Quart., 1941, 8: 202-212. 


. Ray, B. S., DunBar, H. S., and Dorrer, C. T. Dural sinus venography as an aid to diagnosis in 


intracranial disease. J. Neurosurg., 1951, 8: 23-37. 


. Sans, A. L., and Hynpman, O. R. Intracranial hypertension of unknown cause. Cerebral edema. 


Arch. Surg., Chicago, 1939, 38: 428-442. 

Symonps, C. P. Otitic hydrocephalus. Brain, 1931, 54: 55-71. 

Yaskuy, J. C., Grorr, R. A., and SHENKIN, H. A. Severe papilledema in diffuse infections of the 
nervous system. Trans. Amer. neurol. Ass., 1947, 21-23. 
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Neurosurgical Clinic,* La Pitié, Paris, France 


(Received for publication May 14, 1954) 


HE purpose of this study is to describe the modifications of form and 

situation of the blood vessels produced by neoplasms situated in the 

territory of the vertebral artery, with some remarks about thrombosis. 
Reference will be made only to gross anatomy of radiological significance, 
by means of brief examples chosen from the 162 vertebral angiographies 
performed in the neurosurgical clinic of the Pitié between 1948 and July, 
1953. The principal characteristics of the normal and pathological angiogram 
will be set forth, with insistence on the harmlessness and relative simplicity 
of the method and description of a personal technique. 


HISTORY 

Vertebral angiography began in 1933 when Egas Moniz* succeeded by 
exposing the artery in the subclavicular region, temporarily ligating the 
peripheral end and making a retrograde injection. Many scattered attempts 
followed; many methods were proposed and were soon abandoned. It was 
only in 1947 that three independent schools developed valid techniques and 
soon three series of results were available. In 1949, Sugar, Holden and Powell? 
published a series of 20 angiograms obtained by transcutaneous puncture in 
the vertebral canal by an anterior approach. In 1950, Lindgren? published 
a series of 60 obtained by a similar method. Radner used an entirely different 
method. He introduced a catheter into the radial artery and guided it into 
the vertebral. In 1951,’ he published the results of his method in 221 cases 
with a remarkably large percentage of successes. Finally, in 1952, Sergent 
et al.’ published a study of a series of 130 vertebral angiograms obtained by 
the technique described below. 

TECHNIQUE 

We utilize a needle similar to a lumbar puncture needle, 7 cm. long, 0.8—-1 mm. 
in diameter, with an obturator. The bevel should be as short as possible. The adjust- 
ment of the syringe to the needle is made directly without the interposition of any 
adaptor. The syringe is a simple glass syringe of 10 cc. capacity, of which the ad- 
vantage is its lightness. The contrast medium employed is diodone, a soluble salt 
of iodine in feeble concentration (40.5 or 45 per cent). The quantity of the mixture 
in each injection does not exceed 6-7 cc. We make rarely more than three injections. 
In the interval of the injections we do not use citrated solution by the drop method. 
We are content to put the obturator in the needle, after having placed it in the ci- 
trated solution with which we rinse the syringe. 





* Chief: Professor D. Petit-Dutaillis. 
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We use general anesthesia only in infants and in some pusillanimous or agitated 
subjects. In the same way, we reduce the local anesthesia to the minimum, using 
only a few drops of novocain in contact with the artery. As a matter of fact, we pre- 
fer to give the patient some medication, usually phanergan rather than derivatives 
of*morphine, of which the depressor effect is known, preceded or not by an enema of 
4 gm. of chloral. 

We have used two methods for puncturing the artery; we may approach it from 
the anterolateral region of the neck or at the base of the cranium. In the antero- 
lateral region of the neck, the artery is in the transverse canal and must be punc- 
tured between two transverse processes, generally between C5 and C6, or C4 and 
C5. The artery is here accompanied by the vein which is lateral to it, and a cervical 
root which crosses its posterior face. The patient is lying on his back with the head 
in moderate hyperextension. With the left index finger one depresses the tissues of 
the neck just below the great horn of the hyoid bone, in contact with the lateral 
border of the thyroid cartilage, or better, the cricoid thyroid space, so as to push 
the package of nervous and vascular tissue laterally. The needle is thrust into the 
depression thus created and comes to strike against the transverse process. One 
inclines it then upward to engage it in the intertransverse space in the direction 
of the superior transverse aperture. 

Usually, as soon as the obturator is withdrawn, a flow of blood shows that one is 
in the lumen of the artery. Sometimes it is necessary to displace the needle slightly— 
to slightly withdraw it a little—for it is rather frequent that one has penetrated 
entirely through the artery. Sometimes a pain shoots into the shoulder showing that 
one has touched the cervical root. One must withdraw the needle a bit for it is too 
deep. Sometimes darker blood flows slowly in a regular flood showing that one has 
punctured the vein. The needle is then too far lateral and it must be replaced more 
medially. 

Ordinarily it is easy to puncture the artery in the transverse canal; it is easily 
found and usually well fixed. On the contrary, it is rather frequent that the injection 
is made in part, or wholly, in the sheath of the artery, for it is rather difficult to main- 
tain the needle well placed. In this case there is provoked a spasm of the artery, 
without any clinical signs, which permits one to obtain only poor images of difficult 
interpretation. The reason is that the direction of the needle tends to be perpendicu- 
lar to that of the artery. Even on giving the needle a direction as oblique as possible 
it is difficult to catheterize the artery sufficiently. Also the needle traverses the sub- 
hyoid muscles which contract considerably during movements of swallowing. The 
needle is then subject to important displacement which can alter the position of the 
point. Because of the frequency of this accident, we have searched for another 
method that avoids this difficulty. 

When the vertebral artery has left the transverse passage in the atlas, it changes 
its course and is directed a little bit backward, especially medially, to come into 
contact with the superior face of the posterior arch of the atlas where its passage 
marks its course by a little excavation, sometimes transformed into a tunnel visible 
in a lateral radiogram. The artery in this passage turns about the lateral mass of the 
atlas to which it is adjacent. It then perforates solid fibrous planes between laterally 
the capsule of the occipital atlantoid articulation, and medially the posterior occipi- 
tal atlantoid membrane. The artery at this level is not accompanied by its vein; 
it is not yet formed. The first cervical nerve is not of importance. There is here, there- 
fore, a segment of the artery that is easily catheterizable because of its direction. 
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It is covered by muscles that are very little movable, in a region where the sensitivity 
is particularly obtuse. Therefore it is believed that once the needle is introduced into 
the lumen of the artery it penetrates for several millimeters and maintains itself 
fixed. Although this puncture, like any manual maneuver, requires a little ponctine 
it is, after all, rather easily successful. 

The patient is placed usually flat on his abdomen with his forehead on the table. 
The needle is plunged in a transverse plane, in a little depression between the 
sternocleidomastoid and the trapezius, just posterior to the point of the mastoid 
process. At a depth of about 2 cm., the needle comes into contact with the lateral 
masses. Bony contact is fundamental. One must find it before going ahead with the 
puncture. Moreover it is usually easily found. Then one directs the point of the 
needle a little bit posteriorly and below and one searches the contact with the pos- 
terior arch of the atlas, of which one follows the superior face about 2 or 3 mm. 
Then one withdraws the obturator and, generally, arterial blood flows out. If one 
does not succeed it is well to make a radiogram centered on the atlas, leaving the 
needle in place by which one will see the situation of the point of the needle in rela- 
tion to the vascular notch of the atlas. It is then easy to correct its direction. 


With this method we have had the most regular successes, never a spasm 
of the artery. For a long time we used this method only in those cases in 
which we had failed with the usual anterolateral method. One must remark, 
however, about the possibility of puncture of the cisterna magna, which 
will be demonstrated by a flow of spinal fluid. This happened to us twice. 
This accident makes one stop the operation, but it is without any gravity 
and can be avoided. For this purpose one must (1) always search for the 
bony contact of the lateral masses, which is the best protection, (2) never 
seek to overcome the fibrous resistance of the occipital atlantoid membranes, 
and (3) never make an injection when there is any doubt. As a matter of 
fact, it is easy to puncture the artery and it is still easier to keep the needle 
in place because there is no risk of secondary displacement at the time of the 
injection. We have no experience of what might happen if the injection were 
made into the cisterna magna, and do not wish to have. We believe that that 
could only be the result of a gross error and not apt to happen to a surgeon. 


RADIOLOGICAL TECHNIQUE 


We utilize an apparatus of 4 kenotrons. With a rotating anticathode it makes 
several exposures with one single activation. We usually used these constants: 
200 ma., 80 kv., 0.2-0.3 sec. exposure. We use a plate changer of very elementary 
principle, regulated by the hand. It enables one to take easily 6 pictures in 4 sec- 
onds. Usually we are content with 3 pictures for each direction just about 1 sec. 
apart. The first gives an image of the arterial phase; the second of the arteriolar 
phase, and the third of the venous phase. As a matter of fact, there is usually some 
difference in the timing of the venous phase, the superficial veins being filled sooner 
than the deep veins in the system of Galen. 

In order to protect the operator, we use a diaphragm, a localizer and a lead 
screen which is interposed in front of the head of the patient and the hand of the 
surgeon because naturally it is not possible to use gloves which contain lead. 

We take two or three series of plates successively. The first one is lateral and cen- 
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tered a little posterior to the sella turcica. The second is anteroposterior in the 
sagittal plane, with an obliquity of about 30 degrees, the rays entering 3 or 4 cm. in 
front of the coronal suture and leaving at the external occipital tuberosity, that is, 
in the frontosuboccipital plane of Worms and Bretton (if the patient is lying on his 
abdomen, this will be a suboccipital frontal, with the same angle). The third is in 
the plane of Hirtz, the head being strongly retracted, the rays entering submentally 
and leaving at the apex. This view seems to us much less useful than the pre- 
ceding one, for it is used only in special cases. 


ANATOMICAL STUDIES 


Reading the plates obtained may be the source of numerous difficulties, 
because of the superpositions and extraordinary tortuosity of the vessels. 
Classical dissection is not easy because of the overlapping and deep vessels. 
For this reason we have applied to the study of the vertebral system a method 
utilized for other organs, particularly the liver, in the laboratory of Doctor 
Delmas, Professor of Anatomy, Faculty of Medicine, in Paris. 

A plastic material is used, soluble in acetone, easily colorable, injected 
into the vessels of a brain freshly removed, after washing out the vessels 
previously. This material solidifies in contact with the trace of water which 
is in the vessels. One has only to destroy all organic substance by prolonged 
immersion in a strong acid for several days to make a perfect mould of the 
arterial and arteriolar systems. 

We thus treated 20 human brains and the study of these 20 moulds, 
thanks to the irreplaceable three dimensions, led us to a clearer understand- 
ing of the somewhat mysterious revelations of the X-ray plates. The venous 
system, unfortunately, does not lend itself to this sort of study, not only 
because the sinuses are frequently embedded in bone, but especially because 
a recurrent injection could not remount the course of the normal physiologi- 
cal circulation and would lose itself in the carotid territory. From the study 
of our moulds and of our numerous plates, we have come to a certain number 
of conclusions, some personal and others confirming previous works by the 
Portuguese, Swedish and American schools. We shall describe them as they 
were seen on the radiological plates. 


THE ARTERIOGRAM 


The lateral plates show a projection in the sagittal plane of the basilar 
trunk and of the vertebral injected, of which it is the continuation. This 
vascular trunk, from the posterior arch of the atlas to its termination, de- 
scribes consistently a triple curve like a cupid’s bow. The first curve is con- 
cave posteriorly; the second is concave anteriorly; the third is concave pos- 
teriorly. The principal trunk remains at a slight distance from the clivus. 
The preprotuberal cistern is in front of it. We insist on these two signs: the 
triple curvature and the interclivoarterial space, the importance of which 
will be shown in the discussion of tumors of the cerebellum. 

The principal vascular trunk is at a rather variable angle with the plane 
of Frankfort. The angle has an average of 73 degrees; it varies from 50 to 





446 PIERRE NAMIN 


80 degrees. It never terminates below the clinoidal line (a line parallel to 
the Frankfort plane but passing through the anterior clinoid process). It 
can be as much as 2 cm. above the Frankfort plane but generally is about 
0.6 cm. The distance from the point of termination of the basilar trunk to 
the prolongation of the quadrilateral plate varies between 1.2 em. and 1.5 
cm. depending upon whether the trunk penetrates more or less into the inter- 
peduncular cistern. On the average it is 0.6 cm. 

The inferior cerebellar arteries are most variable; they seem to be always 
present but unequal on the two sides, and take origin either from the basilar 
trunk or from the vertebral, varying through a range of 4 cm. One sees 
always clearly the external superficial branch which descends in a sinuous 
course in the direction of the amygdala, without reaching its pole, and there- 
fore is not of any very great value for orientation. The other lateral branches 
of the basilar trunk are hardly seen from this direction because they are 
covered by the mass of the petrous bone, with the exception of the superior 
cerebellar arteries, of which the origin is remarkably fixed and symmetrical 
on the basilar trunk just before its termination. One can see clearly their 
passage around the cerebral peduncle parallel to that of the posterior cerebral 
arteries. 

The posterior cerebral arteries, of which we have seen the origin in the 
interpeduncular space, are seen throughout their extent in this view. At 
their origin they give rise to the oblique thalamo-perforating arteries. In 
their first third, the cireumpeduncular, they are a little concave superiorly, 
to the region of the pineal body, where the posterior choroidal artery sepa- 
rates. It is always visible, extending obliquely above and forward, curvilinear 
with an anterior concavity. This vessel tells one the situation of the choroidal 
sheet of the posterior part of the roof of the third ventricle as far as the fora- 
men of Monro. In its second third the posterior cerebral artery is almost 
straight or slightly concave upwards. It continues in the general direction 
of the first segment, generally perpendicular to the basilar trunk. It gives 
off here its temporal branches destined for the inferior face of the temporal 
lobe which, in this view, are superimposed on the branches of the superior 
cerebellar artery. The last third, in which there is the occipital branching, 
destined for the inferior surface of the lobe, prolongs the direction of the 
trunk. Those destined for the internal surface deviate upwards, outlining 
the anterior border of the cuneus. 

The lateral arteriogram, therefore, gives us evidence concerning: (1) 
the brain stem, the preprotuberal cisterns, the interpeduncular cisterns; 
(2) the situation of the pineal body and the quadrigeminal tubercles; (3) 
the state of the roof of the third ventricle; and (4) the cuneus of the occipital 
lobe. 

The fronto-occipital views give a very bad picture of the basilar trunk, 
lying in about the same direction. They give a projection on the plate which 
is almost a point. We think that there is very little to be gained from the 
form of the basilar trunk as it is seen from this direction. In fact, it has a 
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variable origin, most often at the level of the bulboprotuberential fissure, 
rarely in the midline, and sometimes even lateral. The course is rarely recti- 
linear; most often sinuous, nothing fixed, nothing regular, nothing that can 
serve to orient one. 

On the contrary, the point of division of the basilar trunk is always strict- 
ly in the midline. This is by far the most important sign perhaps in all 
vertebral angiography, as Sergent ef al.* have insisted. The view from this 
angle shows the situation of this point admirably. Moreover the posterior 
cerebral arteries are seen in all of their extent. One sees clearly the curve 
that they make around the cerebral peduncles, trapezoidal in form, never 
closed posteriorly, and superimposed on the more regular ring of the superior 
cerebellar arteries. The temporal branches are easily visible, and also the 
occipital branches. They, however, are so sinuous that they cannot have the 
value that, for example, the anterior cerebral arteries in the carotid angio- 
gram have in indicating the midline. 

An arteriogram taken from the direction recommended by Worms and 
Bretton, therefore, gives information principally on the situation of the 
cerebral peduncles, of the ambient cistern and of the interpeduncular cistern, 
and also of the postero-inferior part of the cerebral hemispheres. Plates 
taken as recommended by Hirtz do not give a good image of the basilar 
trunk; as we have seen, aside from its point of division, it has little topo- 
graphical significance. As a matter of fact, we use it only in searching for 
vascular malformation of this trunk and its collateral branches. 


THE PHLEBOGRAM 


The phlebogram has not retained our attention as much as the arterio- 
gram. It gives a variable opacification, intense in those veins that receive 
blood only from the vertebral, such as the cerebellar veins, and on the con- 
trary, often very obscure in the superotentorial veins, in which there is a 
mixture of blood draining from the carotid territory and the vertebral terri- 
tory. Cerebellar veins running on the surface of the hemispheres defy any 
radiological description; the same is true of the superficial occipital veins 
which form often a star centered by a granulation in the neighborhood of 
the lambda. The deep veins are more important. One sees clearly, especially 
in profile, the posterior part of the veins of Galen, lying in the choroidal roof 
of the third ventricle. They unite, in the neighborhood of the pineal body, 
with the basilar veins at the end of their cireumpeduncular course, of which 
one sees well the last centimeter. The curve formed by Galen’s ampulla, 
around the splenium of the corpus callosum, is always clear, whereas the 
straight sinus at the summit of the tentorium, which forms its continuation, 
is less visible. One can see also the last centimeter of the inferior longitudinal 
sinus, the last quarter of the superior longitudinal sinus, and the lateral 
sinus, of which one, usually the left one, always is seen better than the other 
in the fronto-occipital view. 

The phlebogram tells us, therefore, principally about the splenium of 
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the corpus callosum, the posterior part of the third ventricle, the pineal body 
and the quadrigeminal tubercles, and the tentorium of the cerebellum. If, 
now, we group all of the information that the vertebral angiogram can give 
us, we are in a position to diagnose a certain number of neoplasms lying in 
the territory of this artery, as will be shown by several examples. 
PATHOLOGICAL VERTEBRAL ANGIOGRAPHY 

The illustrations in this section have been taken from the writer’s thesis.‘ 
A certain number of these angiographies were made in the service of Profes- 
sor Alajouanine, whom we wish to thank for the interest that he has always 
manifested in our technique. Some of the photographs have been retouched, 
as will be evident from the reproductions. 

1. Vascular Malformations. They are evidently the major indication for 
angiography. They do not need explanation, but often necessitate plates 
taken from several directions in order to show them clearly. 

Case 1. Cerebellar angioma, involving especially the vermis (Fig. 1). Beyond 
surgical help. (Patient of Professor R. Garcin.) 





Fic. 1 


2. Tumors in the Angle. Most of the triumphs of vertebral arteriography 
concern them. We shall not describe new-formed vessels, which are always 
variable in their existence and significance. But the pathognomonic sign of 
a tumor in the angle, in the anteroposterior view, is the lateral displacement 
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of the point of division of the basilar trunk. This is never absent and betrays 
a tumor of the angle, accompanied always by more or less evident deforma- 

tion of the peripeduncular arch. A lateral view will enable one to appreciate 
a prepeduncular extension of the tumor. Though usually the diagnosis of 
a tumor in the angle needs no complementary examination, there are cases, 
nevertheless, in which these examinations are not useless, especially those 
in which there are very few symptoms. However, vertebral angiography 
has given us help in indicating the extent of a tumor that was not evident 
from the symptoms, especially by demonstrating that there was a recurrence 
of the tumor in a case of meningioma previously operated upon and which 
had again given trouble. 


Case 2. Typical anteroposterior view of the deformation of the arterial system 
caused by a tumor of the cerebellopontine angle (Fig. 2). The point of division is 
pushed laterally; the vascular fork is deformed in a characteristic fashion by a neuri- 

} noma of the trigeminal. 
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Case 3. An acoustic neurinoma, the diagnosis of which was doubtful. Angiography 
brought proof of displacement of the point of division of the basilar trunk and a 
slight deformation of the arterial fork (Fig. 3). 


Case 4. Lateral view (Fig. 4), of which the interest is to demonstrate the unusual 
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preprotuberal development of a tumor, seemingly well lateralized on the antero- 
posterior plate. It was a very large cholesteatoma. 


c 


3. Supra- and Retrosellar Tumors. These are very easily demonstrated 
by vertebral angiography in lateral plates. 


Case 5. Enormous posterior displacement of the terminal portion of the basilar 
trunk and the origin of the posterior cerebral arteries (Fig. 5) in a case of benign 
tumor of very slow development (20 years), possibly a chordoma. No indication for 
operation. 


4. Pinealoma. 


Case 6. The tumor occupies the seat of the pineal body and is partially injected 
(Fig. 6). In addition, it deforms the posterior cerebral artery, displacing it downward 
and stretching it. Diagnosis verified. 


5. Stenosis of the Aqueduct. 


Case 7. The first two thirds of the posterior cerebral artery are stretched and 
pushed downward (Fig. 7). It is a sign of hydrocephalus, just as the unrolling of the 
anterior cerebral artery. 
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6. Tumor of the Cerebellar Hemisphere. These tumors are the sources of 
great disappointments with our method. There are no angiographic signs 
which permit one to tell which is the hemisphere invaded by the tumor. 


Case 8. A least there exists an indirect sign of a cerebellar tumor—the unrolling 
of the principal arterial trunk, which loses its habitual triple curvature (Fig. 8). 
The vertebral and the basilar trunk form a regular course, continuing from the at- 
las to the clinoid process, and are pushed against the clivus; there is no preprotuberal 
cistern. This was a cystic hemangioma. 





Fic. 8 


7. Meningioma of the Tentorium. 


Case 9. The tumor is injected during the arteriolar phase. It can be seen above 
and below the tentorium (Fig. 9). Moreover the vessels are deformed. In this case 
angiography was particularly valuable. It confirmed the diagnosis of a tumor and 
outlined its extension exactly (both above and below the tentorium). Also it diag- 
nosed the nature of the growth. Only a meningioma is injected thus, with a certain 
retardation during the arteriolar phase. 


8. Thrombosis of the Posterior Cerebral Artery. 


Case 10. Angiogram (Fig. 10) of a man who had sudden development of complete 
paralysis of the right oculomotor nerve. The anteroposterior plate shows interrup- 
tion of the right posterior cerebral artery where it crosses the third nerve. Carotid 
angiography done subsequently did not inject the posterior cerebral artery; we 
wished to be sure that we were not dealing with an anomaly. The vertebral angio- 
gram made a week later showed the same image. The condition, therefore, was not 
a spasm but a thrombosis. 
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9. Thrombosis of the Right Internal Carotid Artery. 


Case 11. In the course of a typical vascular syndrome of the anterior cerebral 
artery, a carotid injection was made on the right side. The injection stopped at the 
base of the cranium—the characteristic aspect of a thrombosis. The injection of the 
other carotid artery showed that it did not have a functional anastomosis. We then 
performed vertebral angiography (Fig. 11) which explained the mystery of this 
syndrome, showing that the Sylvian system was almost totally supplied by the 
vertebral and the posterior communicating artery, whereas nothing passed into the 
territory of the anterior cerebral. 





Fig. 11 


Comment. It is not possible here to multiply these examples indefinitely. 
However, it may be added that vertebral angiography permitted us to local- 
ize an occipital abscess and to demonstrate the posterior development of a 
large hypophysial adenoma; and to discover one of those cases of abnormal 
communication between the vertebral and the carotid at the base of the skull, 
which is an embryological rarity. 

ACCIDENTS 

To practice vertebral angiography does not seem to us to be a dangerous 
method if one follows the proper indications and observes certain rules. 
In making 160 angiographies, however, we have observed 4 serious acci- 
dents, of which 2 were mortal. A fatal accident occurred in 1949. The opera- 
tor, having demonstrated that there was a spasm with the first plate, in- 
jected 5 cc. of novocain, 1-100, in the artery. Immediately there appeared 
a paleness of the face, profuse sweating, vomiting, and irregularity of the 
pulse and of respiration. Finally a profound coma developed which after a 
few hours resulted in death. Autopsy did not show any appreciable lesion. 
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We must attribute the fatal accident to the intra-arterial injection of novo- 
cain. Therefore we have never repeated this procedure. 

The second accident occurred after an arterial angiography in a young 
man with a left hemianopsia, with no vascular hypertension. A few minutes 
after the injection the patient entered into a coma and remained so for 
several hours. There was a left hemiparesis which later disappeared entirely. 
Angiography did not show any vascular displacement. The opposite verte- 
bral artery was injected in retrograde fashion, showing that there had been 
an excessive pressure in the course of the injection. For this reason we have 
made it a dogma not to inject with any great pressure. 

The third case concerned a left hemiparesis. It was found in the morning 
following a vertebral angiography made in an attempt to determine the cause 
of a meningeal hemorrhage which had developed a month before, the carotid 
angiography having shown nothing. Hemiparesis disappeared rapidly in the 
following days. The genesis of this accident is mysterious. There seems to 
have been no fault in technique and the vertebral angiography did not show 
any lesion. 

The fourth case concerned an elderly subject, arteriosclerotic, with a 
right hemiparesis and hemianopsia. The procedure passed without any un- 
toward incident. Three days later, there appeared a state of shock, anxiety, 
precordial pain, air hunger and lowering of the arterial tension. We thought 
of a myocardial infarction but the autopsy did not confirm this diagnosis. 
Necropsy showed retraction of the mitral valve with calcification and old 
softening of the left cuneus. Whatever may have been the part of the angi- 
ography in the mechanism of this late fatal accident, it is unquestionable that 
the cardiovascular state of this patient should have made us renounce such 
a test. So we believe that, of these four grave accidents, three could have been 
avoided, the first one by correcting an error of technique, the last one by 
avoiding an error of indication. 


CONTRAINDICATIONS 


These are the same as for carotid angiography on which Petit-Dutaillis, 
Pertuiset and Rougerie’ have insisted in a former article. Certain of them 
are formal: hypertension, renal insufficiency, and diffuse vascular sclerosis 
of those with coronary disease. Also asthma should make one fear allergic 
reactions to iodized products. 


CONCLUSIONS 


The author believes that percutaneous vertebral arteriography is not 
simply a feat of technical prowess but that it can render numerous real 
services, sometimes irreplaceable, and that it is relatively benign, if one 
makes the injections gently. It is certain that we can hope for more important 
information as we accumulate a larger series. So it is believed, in spite of the 
prejudices of certain persons concerning this method, that it must figure 
from now on in the arsenal of every neurosurgical service among the comple- 
mentary methods of investigation. 
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PERCUTANEOUS VERTEBRAL ANGIOGRAPHY 
SUMMARY 


In the light of 162 percutaneous vertebral angiographies made since 1948 
in the neurosurgical clinic of the Pitié, the author describes a personal pro- 
cedure of percutaneous approach at the base of the skull and lays down the 
bases for a normal radiological anatomy, showing what there is that is 
fixed and certain in the relations of this artery, which is so variable. With the 
aid of several examples he describes the most characteristic pathological 
aspects, insisting notably on the value of vertebral arteriography in the diag- 
nosis of tumors in the region of the cerebellopontine angle and of the clivus. 
He insists on the relative benignity of this examination, if one observes 
certain precautions that are the rule in surgical circles. 
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CONTROLLED TRANSORBITAL LEUKOTOMY 


WILLIAM A. NOSIK, M.D.* 
Cleveland, Ohio 


(Received for publication May 19, 1954) 


it is apparent that this operation is gaining in recognition, and may well 

account for approximately one-third of the lobotomies performed, ac- 
cording to Freeman and Watts.’ In his appraisal of this procedure, which he 
has used in 300 cases, Moore®:7:* was of the opinion that it possesses a great 
advantage over other methods of lobotomy in that there are no untoward 
psychological effects, there is an ease of performance, the hospitalization pe- 
riod is short and nursing care is minimal, the morbidity is insignificant, the 
mortality rate is low (1.8 per cent), and the results are as favorable as those 
obtained with other more extensive operations. Moore urged a greater utili- 
zation of this operation in suitable cases. Wilson and Pittman,'® after their 
study of 200 cases, recommended transorbital leukotomy for all chronically 
disturbed patients when less strenuous forms of treatment have failed after 
1 year’s trial. It is apparent also from an abundant literature that prefrontal 
lobotomy has certain ameliorating tendencies in the care of the patient with 
intractable severe pain, whether or not the procedure is done through a 
trephine in one of various positions, or through the transorbital route. 

In discussing transorbital lobotomy Williams and Freeman! felt that the 
morbidity and mortality statistics of this operation are encouraging. Fifteen 
brains were studied up to 1 year after such an operation. These authors con- 
cluded that from a pathological standpoint, the operation is a clean-cut, 
selective procedure for severing the thalamofrontal radiations. Fulton,‘ on 
the other hand, believed that the operation of lobotomy removes large num- 
bers of visceral pain projections from the sphere of consciousness, which ac- 
counts for the patient’s change in attitude towards his pain. Balakrishna Rao! 
claimed that lobotomy is more effective in patients with marked psychic 
pain, which favors the opinion of most writers that the benefits of psycho- 
surgery result largely from relief of the anxiety and fear of the future and 
from the euphoria produced. Fulton‘ believed that radical lobotomy should 
be abandoned in favor of a more restricted lesion. Several more limited pro- 
cedures have been recorded in the literature. Grantham,’ for example, stated 
that good results were obtained in a series of patients with severe pain when 
the pathways in the lower mesial quadrants were interrupted. It appears 
that the present trend is toward a more selective or restricted operation. 

This discussion does not concern itself with the pros or cons of prefrontal 
lobotomy either in psychosurgery or the pain problem. Neither is it a discus- 


[i view of the large numbers of transorbital leukotomies being performed 
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sion claiming greater effectiveness in the solution of either of these problems 
by surgical methods. Rather, it is concerned with the presentation of an- 
other method of attacking the same.problem with more regard for the pa- 
tient’s safety, yet achieving the desired clinical result. The leukotomy is con- 
verted to a more precisely controlled operation which leaves a set of data in 
each case available for future study and analysis. An attempt has been made 
to make this particular operation less of a blind procedure than it has been 
heretofore. A specially designed transorbital leukotome, under x-ray control 
in its positioning and manipulation, was used. This leukotome (Fig. 1) con- 
sists of a hollow steel rod with a blunted tip, having within its lumen a steel 


! 








Fic. 1. Oblique view of the specially designed transorbital leukotome, with the cutting loop fully 
extended. By pulling backward on the knob the cutting wire disappears into the visible slot. 


wire capable of being extruded through a slot to expand into a cutting loop 
of a predetermined variable size, and controllable at the gripping end of the 
tool. The tip of the leukotome is deliberately left blunt so that, while capable 
of penetrating the orbital plate, it would tend to push aside any vessel en- 
countered in its course without lacerating it. A lateral cutting of the white 
substance is done with a thin wire loop which is easily deflected by any 
vessel encountered. This inner cutting wire is replaceable. Should a vessel be 
inadvertently encountered and ruptured, the operator would be immediately 
apprised of this fact by the flow of blood down the lumen of the instrument. 
This has not been encountered to date. The lateral extension of the expand- 
ing loop is measurable in centimeters upon the handle of the instrument. 


PROCEDURE 


This operation is considered only after x-ray study of the head and orbit 
has been made to eliminate those factors that could be complications in the 
use of the transorbital approach. As summarized by Fiamberti? they are: (1) 
aberrant ethmoid cells with infection, (2) malformations or thickening of the 
orbital plate, (3) osteomas of the orbital plate, and (4) intraorbital tumors. 
Having determined that none of these situations exists, the patient is pre- 
pared for surgery in the usual manner, though obviously no special head prep- 


aration is necessary. The operation is carried out in the operating room if a 
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good portable or stationary x-ray unit is available in the room. However, the 
procedure can be equally well done on the regular x-ray table. 


A general anesthetic is used, usually pentothal, and these successive steps are 
followed: 

(1) The patient is draped under sterile conditions, leaving only the eyes exposed. 

(2) The eyelid is elevated and the leukotome is placed somewhat posteriorly 
against the floor of the orbit in a position corresponding to the approximate center 
of the pupil. 

(3) With an assistant steadying the head and aiming the instrument toward 
the coronal suture the orbital plate is penetrated with several sharp blows of a 
surgical mallet. 

(4) During these procedures the wire is, of course, left flat in its canal and the 
leukotome is driven in until, in the operator’s opinion, it rests approximately 2 cm. 
below the inner table of the skull. Because of the variability of the soft tissue about 
the orbit no definite measurements can be given as to the exact penetration neces- 
sary to accomplish this since it varies from person to person. 

(5) At this point lateral and AP views are made with the roentgen unit, the wet 
films being returned as promptly as possible, and the position of the leukotome is 
adjusted according to the degree of error made in its placement. The relation of the 
leukotome to the medial plane and to the lateral and anterior inner tables of the skull 
is noted and measured. 

(6) When a coronal section is desired the handle of the instrument is rotated 
nasally until the slot is directed along the desired coronal plane. The small knob 
on the butt of the instrument is then pushed forward 2 or 3 cm., noted on the handle, 
to expand the loop to a corresponding degree, thereby cutting the white matter. 
Should the measurements of the skull reveal that complete cutting cannot be done 
in this fashion, the instrument can, of course, be angled over toward the medial 
plane as desired. An AP roentgen film is taken as a permanent record of the exact 
location of the extent and position of the medial transection and the instrument is 
returned to the midline. 

(7) To complete the lateral wing of the coronal section the slot which had been 
directed medially is now rotated through 180 degrees to point directly laterally 
without changing the angle of entrance through the orbit. The loop is again expanded 
to the desired extent and ancther AP roentgen film is made to record the position 
and extent of the transection. This completes the section of the median-lateral 
superior quadrants. 

(8) From the original films it is apparent that if a coronal section of the inferior 
mesial or lateral quadrants is desired or an undercutting, as for example, of the 
frontal region, the leukotome must be withdrawn until the lower edge of the slot is 
approximately 2 cm. from the floor of the orbit. This done, the same procedure is 
followed as was enumerated above, though in some instances it may be necessary 
to expand the loop farther. Films are made in these positions as previously mentioned 
so that an accurate record may be obtained of the areas traversed by the wire. 

(9) The loop is then returned to its initial position and retracted into the tube. 

(10) The leukotome is then returned to its initial position. Should it be desired 
to undercut the frontal surface anteriorly, the loop is expanded to the desired num- 
ber of centimeters obtained from the measurements made on the films and a lateral 
exposure is made to record the position of the instrument. If this is satisfactorily 
placed the loop is then swung nasally through a 90-degree arc, then back to its 
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initial midline position. A lateral swing through 90 degrees is made to complete the 
frontal undercutting. 

(11) When two leukotomes are available it is apparent that the time of this 
procedure could be shortened by virtue of doing both sides at once, thereby obviat- 
ing the necessity of another set of x-ray films. Should only one be available, the same 
procedure as outlined above is carried out on the opposite side. 

(12) On completion of the procedure the loop is, of course, retracted and the 
leukotome is removed from the orbit. Firm pressure is kept at the penetration site 
for several minutes to minimize the ecchymoses noted in some patients. 

(13) Pressure dressings of elastic type are placed over the orbit and removed 
in several hours. Antibiotics are usually given and the patient is returned to bed 
with the head in an elevated position. Lumbar puncture has been done immediately 
postoperatively in most of the patients to obtain a definite record of the immediate 
postoperative situation with regard to the pressure, the color of the fluid, etc. The 
patient is permitted to be ambulatory the following day and returned to a routine 
diet. 


DISCUSSION 


Most neurological surgeons of any experience are somewhat fearful of a 
so-called “blind” surgical procedure wherein the operative field is not under 
direct vision—a view that is wholeheartedly endorsed here. However, it is 
likewise recognized that even as a blind operation, transorbital lobotomy is 
apparently increasing in popularity—particularly since the morbidity and 
mortality statistics compare favorably with those of other similar procedures 
and because of those advantages mentioned earlier in this paper. In order to 
gain such advantages as this particular procedure may have over others, the 
effort has been made here to give the operator better control of the surgical 
situation. While the mortality is low, it is believed that by more adequate 
control it can be reduced still further without detracting from any of the 
desirable features of the operation. By using a special leukotome it is appar- 
ent that a finer incision line with less local destruction of tissue can be made 
than that produced by a coarse tip which tears a relatively wide pathway 
through the brain. It is also evident that this incision line can be projected 
much farther than by the ordinary leukotome even when it is swung through 
the ares described by Freeman. In certain orbitofacial configurations it is 
virtually impossible to swing the ordinary leukotome far enough medially or 
laterally to effectively section any but a relatively small are of tissue without 
fracturing the orbital plate which would be, of course, a somewhat primitive 
way of attaining a desired result. 

Radiographic control, not only of the placement but of the manipulation 
of the leukotome, is felt to be of great importance. It is interesting to note 
how, when the ordinary landmarks are followed, a surprising degree of ad- 
justment of the leukotome is often necessary before it is properly located. 
Should the lobotomy have been carried out in some of the positions noted, an 
effect far less than desirable would have resulted, and detracted consider- 
ably from future interpretations of the efficacy of such an operation. With 
the use of x-ray control the operator is left with a permanent record of the 
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tissue planes transected. In all, some 32 operations of this type were per- 
formed with no mortality that could in any way be attributed to the opera- 
tive procedure. The method outlined was followed as described and has 
proved to be quite satisfactory. It is apparent, moreover, that this technic 
can likewise be applied to the standard lobotomy done through a trephine 
opening, with this leukotome being used in place of the standard leukotomy 
blade, much in the manner suggested by McKenzie. As mentioned before, 
should a vessel be inadvertently torn, it is believed that the most reasonable 
course would be to allow the leukotome to remain in place and permit the 
blood to drain through it until such drainage has stopped. Should the hemor- 
rhage be of greater proportions the location of the leukotome (if left in place) 
would serve as an effective guide in finding the bleeding point from above. 

When this operation of lesser proportion than the standard prefrontal 
lobotomy is proposed, using this particular technic, it is believed that a 
greater degree of safety is afforded the patient. It is likewise believed that a 
more restricted and selective lesion may be effected to gain the desired clin- 
ical result. 

CONCLUSIONS 


(1) A method of transorbital leakotomy is described, wherein a specially 
designed leukotome is used to produce a selective and more restricted lesion 
under x-ray control. 

(2) In contrast to the previously used “blind” approach, it is believed 
that greater accuracy and safety can be assured the patient in the produc- 
tion of the surgical lesion. 

(3) A more accurate permanent record can be obtained to aid in future 
correlation studies between the size and position of the lesion produced and 
the result obtained. 

(4) If the transorbital operation is selected as the operation of choice in a 
given case, the controlled procedure is considered more desirable than the 
“blind” one. 
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LERTING the medical profession to early diagnosis is probably the most 
important factor in lowering operative mortality attending surgery 
for parasellar neoplasms. Various authors attest the hazards of sur- 

gery after the tumor has become large. Horrax’® stated that as pituitary 
tumors extend out of the sella to become intracranial tumors, the risk of 
operation increases from 3-5 per cent to 30 or 40 per cent. Jefferson’ as well 
as Bakay! reported somewhat comparable figures. Similarly, danger accom- 
panying removal of other types of tumors in this area increases with the 
size of the neoplasm. 

The use of drugs’® to lower blood pressure during the removal of large 
vascular tumors such as sphenoidal ridge meningiomas has been of great 
help in decreasing operative mortality. Antibiotics and chemotherapy as well 
as close attention to fluid and electrolyte balance have also materially aided 
in smoothing the postoperative convalescence. Tracheotomy has been a life- 
saving factor in some cases of desperately ill patients.* 

From our experience with 18 patients with parasellar tumors we believe 
that ACTH is another valuable adjunct to surgery in this area. It is well 
known that operation in the parasellar region is dangerous because of the 
proximity of the pituitary body and the hypothalamus. The normal pitui- 
tary-adrenocortical response to stress may be depressed if the area is dam- 
aged by the tumor growth prior to surgery or through trauma at the time of 
operation. 

Roche, Thorn and Hills’ mentioned the use of ACTH in Matson’s pa- 
tient who was operated upon for pituitary tumor. Caughey, James and Mac- 
Leod? stated that marked improvement occurred after they administered 
cortisone and ACTH to a stuporous patient who had been operated upon for 
chromophobe adenoma. Another patient in their series with acromegaly 
failed to arouse following surgery. Beginning on the third postoperative day 
cortisone was given with marked improvement in 28 hours. The course dur- 
ing and after surgery in patients operated upon for craniopharyngioma was 
stabilized with cortisone and ACTH according to Ingraham, Matson and 
McLaurin.® 


* Presented at a meeting of the Harvey Cushing Society, Santa Fe, New Mexico, May 8, 1954. 
Tt University of Oregon Medical School, Portland. 
t Eugene, Oregon. 
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REPORT OF CASES 


That ACTH might be an important component in smoothing the post- 
operative course of patients with tumors in the parasellar region, particularly 
those who displayed signs of hypopituitarism, was first brought to our atten- 
tion through the following case. 


Case 1. P.H., a male aged 20, presented himself on Nov. 16, 1950, with the com- 
plaint of difficulty with vision for 10 days. Since 1948 he had suffered from head- 
aches which occurred intermittently, sometimes as often as two or three times a 
week. He had noted no difficulty with his vision until he awakened in the morning 
of Nov. 6, 1950, and noticed that he could see only half of some objects. Inquiry 
revealed that he had never shaved, but he thought there was no loss of sexual libido 
or potentia. 

Examination. He was pudgy and pallid, and showed unmistakable signs of hypo- 
pituitarism. He had a high-pitched voice, and scanty axillary and pubic hair. The 
genitalia were small and the testicles were soft. He had bitemporal hemianopsia and 
an enlarged sella turcica. 

Operation. On Nov. 21, 1950, through a left frontal approach to the pituitary 
fossa, an intracapsular removal of the tumor was carried out and a large portion 
of the capsule was removed. Retraction of the ieft frontal lobe to expose the tumor 
resulted in no demonstrable trauma to the brain, and the patient left the operating 
table in excellent condition. 

Microscopic Diagnosis. The tissue removed was chromophobe adenoma of the 
pituitary. 

Postoperative Course. For the first 24 hours his condition was very satisfactory. 
At the end of 24 hours edema of the face and head was exceptionally marked. Within 
36 hours after operation his temperature had risen to 104° and his blood pressure 
had started to climb. Rapidly thereafter he became drowsy and his condition de- 
teriorated. Late on the 2nd night after operation he suddenly stopped breathing. 
An endotracheal tube was at hand and was quickly inserted; he was taken to the 
operating room under artificial respiration. 

Elevation of the bone flap revealed very little extradural or subdural hematoma 
and no evidence of an intracerebral hemorrhage. The brain was so tightly swollen 
it was difficult to elevate the frontal lobe to expose the chiasmal area. Amputation of 
the tip of the left frontal lobe allowed examination of the chiasm but there was no 
hematoma in that region, and swelling of the brain was thought to be the cause of 
his difficulty. A decompression and a tracheotomy were done. The patient was re- 
turned to his room in poor condition. 

ACTH, 25 mg. intramuscularly every 6 hours, was started immediately and the 
patient rapidly improved. No doubt there were other factors such as the decompres- 
sion and the tracheotomy that facilitated his rapid recovery but there seemed little 
doubt that ACTH played a role. 


The rapid recovery of this patient who was so desperately ill led us to 
believe that other patients, particularly those showing evidence of hypopi- 
tuitarism, would tolerate surgery much better if prepared with ACTH. It 
was decided that all patients with tumors in the parasellar area would be 
given ACTH before and following operation. Between November, 1950 and 
April, 1954, 17 additional patients with tumors in the parasellar area were 
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given ACTH in conjunction with surgery. Chart 1 is a brief summary of the 
18 cases. 

There are 2 cases in the series with no microscopic proof of the nature of 
the tumor. Case 4 was operated upon elsewhere in 1944. According to report, 
the signs, symptoms and microscopic findings were typical of chromophobe 
adenoma of the pituitary. When he began to lose visual fields again he was 
re-explored by one of us. Adhesions rather than recurrence of tumor were 
producing contraction of fields. Case 13 was the other patient from whom no 
tissue was removed. Before surgery visual field examination and roentgeno- 
graphic evidence of a greatly enlarged sella turcica indicated a chromophobe 
adenoma of the pituitary. The loss of visual fields was minimal but the pa- 
tient complained greatly of double vision; therefore, operation was under- 
taken. At operation there appeared to be a chromophobe adenoma situated 
far posteriorly. Since the surgeon thought the lesion might be an aneurysm, 
closure was made without removal of tissue. Arteriograms immediately after 
operation proved there was no aneurysm but rather than re-open the wound, 
x-ray therapy was given with very satisfactory results. The diplopia disap- 
peared and visual fields became full. 


ADMINISTRATION OF ACTH 

ACTH rather than cortisone was originally selected for administration. 
Since ACTH is one of the hormones lacking in the hypopituitary patient, and 
since all of the physiological effects of ACTH are not fully understood, it 
seemed reasonable to supply the lacking hormone rather than one of the 
corticosteroids which it stimulates the adrenal cortex to produce. Although 
it is thought that ACTH should be given for 3 to 5 days to produce the max- 
imum effect, no set rule of administration was employed. Each case was 
handled on the basis of the individual pre- and postoperative state. Those 
who were thought to be more severely hypopituitary from a clinical stand- 
point were given more ACTH both before and after surgery than those who 
were mildly hypopituitary or those who showed no signs of pituitary hor- 
mone loss. Twenty-five mg. of ACTH intramuscularly were administered 
every 6 hours from 1 to 5 days preoperatively. This dosage was continued 
through the first 2 to 4 postoperative days, then gradually reduced. 

Those patients in the older age group who were thought to have impend- 
ing cardiac and renal disorders were limited to 1 gm. of sodium chloride in- 
take daily and given 2 gm. of potassium ‘chloride orally each day while 
receiving ACTH. Because of the short period of therapy this might not have 
been necessary but was done as insurance against some of the unpleasant 


physiological effects of ACTH. 


RESULTS 


There were no operative deaths in the 18 consecutive cases. Two of the 
patients had stormy postoperative courses. One of these (Case 1) has already 
been discussed. It seems likely that had this patient been prepared with 
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ACTH before surgery the marked cerebral edema, which almost cost him his 
life, might have been avoided. 

In Case 4 the postoperative course was complicated by large extradural 
and subdural hematomas. Following evacuation of these he finally made a 
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among 10 patients (craniotomy approach) with eosinophilic tumors, 6 of 
whom showed definite signs of acromegaly. Naffziger® reported that in their 
clinic operation upon acromegalics by the transphenoidal route carried an 
operative mortality of 6.6 per cent. However, in the past it has been our 
opinion that in an acromegalic an intracranial operation for removal of a 
pituitary adenoma is particularly hazardous mainly because of postoperative 
cerebral edema. In our acromegalic patient prepared with ACTH swelling of 
the face after operation was minimal, recovery was very rapid, and he left 
the hospital on the 6th postoperative day. 

Observation during the postoperative convalescence of this group of pa- 
tients with parasellar tumors indicated that administration of ACTH is 
likely to be followed by these results: 

(1) The patient has a sense of well-being and alertness. 

(2) The postoperative temperature curve is lower than in patients who 
have not received ACTH. In 8 of the 18 cases the temperature did not rise 











AUGUST 1950 JUNE 1953 
Fig. 1 


over 101° at any time during the convalescence. Only 1 of the 18 patients 
had a temperature over 103° in the postoperative period. In Case 4, following 
evacuation of a postoperative hematoma, the temperature rose to 104.4°. 

(3) Facial edema, which might reflect the degree of cerebral edema, is 
less when the patient is prepared with ACTH. It seems likely that control of 
cerebral edema is one of the chief reasons for the smooth postoperative con- 
valescence. 

While one of the patients in this series left the hospital on his 6th post- 
operative day and our impression is that by the use of ACTH the average 
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hospital stay would be reduced, it is difficult to make a definite statement 
because many of the patients were kept in the hospital for postoperative 
radiation therapy. 


COMMENT 

An attempt to explain the reasons why ACTH seems to smooth the post- 
operative course in patients with frank or impending hypopituitarism leads 
one into a maze of complicated and obscure physiological effects of the 
adrenocortical steroid hormones. Adrenocorticotropic hormone (ACTH) is 
elaborated by the anterior pituitary, the function of which is at least par- 
tially controlled by the hypothalamus and in turn this structure is probably 
under the influence of the higher brain centers. While the medulla of the 
adrenal gland responds to stimulation from the autonomic nervous system, 
the adrenal cortex is activated by ACTH, as shown by the increase in uri- 
nary excretion of 17-ketosteroids and 11-oxysteroids. The anterior pituitary 
may also be stimulated to produce adrenocorticotropic hormone by epi- 
nephrine which is released from the adrenal medulla in response to stress. 

Among the many corticosteroids produced by the adrenal cortex, two are 
cortisone (Kendall’s Compound E) and hydrocortisone (Kendall’s Com- 
pound F). A responsive adrenal cortex is necessary for ACTH to be effective, 
while cortisone has the advantage of effectiveness irrespective of the condi- 
tion of the pituitary-adrenal system. On the other hand, sudden withdrawal 
of ACTH does not lead to adrenal insufficiency as is sometimes seen in 
sudden withdrawal of cortisone. 

In using ACTH rather than cortisone in these cases we of course as- 
sumed the patients had functioning adrenal cortex. None of our patients 
presented the appearance of severe pituitary cachexia, but 10 of our total 
number of 13 patients with pituitary adenomas showed unmistakable clin- 
ical signs of hypopituitarism. Eosinophil counts even in some of the more 
severe clinical cases of hypopituitarism in this series indicated that the adre- 
nal cortex had not undergone any marked involution and was capable of 
responding to ACTH stimulation. 

If the important factor in promoting the smooth postoperative convales- 
cence in these patients is reduction of postoperative cerebral edema, how may 
this phenomenon be explained? Cortisone and especially ACTH may bring 
about retention of sodium chloride and water, and an increase of urinary 
excretion of potassium. While this may eventually result in frank edema, it 
was thought that this factor was negligible considering the short time ACTH 
was administered. 

Cortisone and possibly even to a greater extent hydrocortisone have an 
anti-inflammatory activity at the tissue level. It seems possible that this 
factor could result in lessening cerebral edema during the acute postoperative 
period. Cortical steroids seem to depress the reaction of the cells of the body 
to a noxious stimulus, whether traumatic or bacterial, so that the cells 
better withstand abnormality. 
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Possibly another factor in smoothing the convalescence is that the eupho- 


ria and increased appetite produced by the administration of ACTH in- 
crease the protein intake. 


SUMMARY 


A series of 18 consecutive patients who received ACTH in conjunction 


with surgery for tumors in the parasellar area have been reported. ACTH 
seemed to smooth the postoperative course. Lessening of cerebral edema is 
thought to be an important if not the most important factor. 


10. 
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itn the contemporary development of surgical methods of treating 

the symptoms of painful, psychiatric, and basal ganglion disorders, 

the neurosurgeon is frequently called upon to produce a focal de- 
structive lesion in the nervous system. The universal and obvious objective 
is to create a localized lesion in the desired area with no damage to adjacent 
or intervening tissues. Recorded experiences of neurosurgeons attest to the 
fact that this ideal has not yet been attained. Paraparesis and bladder dys- 
function following anterolateral chordotomy, vegetation following prefrontal 
lobotomy, and hemiplegia following surgical treatment of basal ganglion dis- 
orders are examples of damage to adjacent tissues known to all neurosur- 
geons. Damage to blood vessels (including those within the site of the lesion) 
at time of operation may increase the operative morbidity and render it im- 
possible to evaluate the effect of a focal ablation. Stereotaxically placed 
electrocoagulative lesions have frequently resulted in death from hemor- 
rhage. 

As the result of animal experimentation’—* we believe that the use of 
ultrasound in making human focal destructive lesions will overcome some of 
these objections. A focussed beam of ultrasound can be used to produce selec- 
tive, accurately localized lesions in the central nervous system which are 
quantitatively reproducible from one animal to another. Discrete lesions can 
be produced without destruction of blood vessels. A lesion in the depths of 
the brain can be effected without disturbance of intervening tissue. Accurate 
localization is accomplished by focussing a fine beam of ultrasound in the 
region to be treated. The nature of the destruction depends upon the inten- 
sity and duration of the exposure. 

The term “ultrasound” refers to sounds whose frequency (pitch) is above 
the range of human audibility (15,000 to 20,000 cycles per second). Most of 
the work up to the present time has been accomplished at a frequency of one 


* Partially supported by Contract Nonr 336(00), NR 119-075 with the Physiology Branch of the 
Office of Naval Research. 


+ Department of Neurological Surgery, University of Maryland School of Medicine, Baltimore, Mary- 
land. 
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million cycles per second. In addition to its frequency a sound is character- 
ized by its intensity (loudness) which is measured in watts/cm.”. The sounds 
used in producing the lesions to be described are more intense than any 
sounds that we experience. Indeed the sounds are of a sufficiently high in- 
tensity that they must be transmitted through a liquid medium. Sound in- 
tensities used in these experiments have been in the range of 50 watts/em.? 
to 1000 watts/cem.?. 

The sound is generated by a quartz crystal excited electrically to vibrate 
in resonance. The sound is focussed by a polystyrene lens placed in front of 
the vibrating crystal. Focussed beams of sound as small as 1.5 mm. in di- 
ameter are readily attained. Transmission of the sound from the lens to the 
tissue is accomplished through physiological saline. This liquid must be de- 
gassed by boiling to prevent the formation of bubbles which would interfere 
with acoustic transmission at the high intensities used in these experiments. 
The bone overlying the region of the central nervous system through which 
the sound is to enter must be removed in order to eliminate absorption by 
the bone, which causes local heating, and to insure a well defined focussed 
beam in the nervous tissue. 

In the animal experimentation to date the animal’s head has been sup- 
ported in a standard stereotaxic apparatus, and the head held rigidly in 
position in the machine. Localization of the focal spot in the region of the 
brain to be affected is determined as follows: Before the animal is placed in 
the apparatus a pointer attached to the irradiator (vibrating crystal, lens, 
etc.) and coinciding with the focal spot of the irradiator is positioned on the 
midline of the apparatus and is collinear with the line through the bars which 
support the skull of the animal at the ears. The coordinate values on the 
system that supports the irradiator are read corresponding to this ear-bar 
zero. One can then transform the coordinates from the stereotaxic apparatus 
to the coordinates of the system supporting the irradiator. The pointer is 
then removed from the irradiator and the animal is mounted in the stereo- 
taxic machine. The soft tissues are then incised over the appropriate area 
of the nervous system and the bone is reflected or removed. The dura mater 
need not be opened. In practice a flanged cap which is used to contain the 
physiological saline, which acts as a transmitting medium for the sound, is 
tied to the skin of the animal. At this time irradiation with ultrasound is 
carried out. 

In order to produce a lesion beneath the surface of the brain or spinal cord 
without damage to intervening nervous tissue, it is necessary to use an ir- 
radiator that produces a beam the intensity of which decreases very rapidly 
as one moves away from the center of the focal point. One of the ways in 
which this has been realized is by coupling together four single beam focus- 
sing irradiators with suitable adjustments to make the four beams intersect 
at a common point (Fig. 1). Although the distance from the face of the ir- 
radiator to the focal point is fixed (7.5 em. for the irradiator illustrated), the 
depth of the lesion in the tissue may be varied by moving the irradiator ver- 
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Fic. 1. Schematic diagram of multibeam irradiator. 





tically in the saline bath. Accurate relative motion between the stereo- 
taxic apparatus and the focal spot of the sound beam is achieved by having 
the stereotaxic machine and the coordinate system* that supports the ir- 
radiator mounted rigidly on the same supporting table. Fig. 2 shows a close- 
up view of the multibeam instrument positioned over the head of the animal. 
The operative bony defect and exposed cerebral cortex may be seen at the 
\ depth of the metallic container which is to hold the saline through which 


the sound beams will be transmitted to the brain. The base of this metallic 


container is flanged, and this flange is inserted under the skin edges of the 
incision. In order to realize a water-tight connection between metallic con- 
tainer and scalp in animals we have used a wire tourniquet. Fig. 3 shows the 


| animal positioned in the stereotaxic apparatus with the metallic container 


in place and the irradiator over it. 


* The anteroposterior, side-to-side, and vertical arms of the supporting structure (coordinate system) 





are calibrated in millimeters to facilitate accurate movement and positioning of the irradiator. 
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Fig. 2. Closeup view of multibeam irradiator, saline container and exposed brain of a monkey. 


Previous to preparing the animal one determines the intensity at the 
focal spot of the irradiator by choosing a convenient voltage to electrically 





Fic. 3. Gerieral view of stereotaxic apparatus with 
animal and irradiator in position. 


excite the crystals. An acoustic 
probe which makes possible rela- 
tively rapid determination of acous- 
tic intensity has been especially de- 
veloped for this purpose.’ The 
exciting voltage corresponding to 
the desired sound intensity at the 
region of the lesion is then caleu- 
lated. For a specific irradiation one 
adjusts: (1) the exciting voltage 
across the crystal, (2) the duration 
of the period of irradiation, and (3) 
the position of the coordinate sys- 
tem supporting the head to produce 
a lesion of the desired shape and 
size in the central nervous system. 
One lays down a rectangular pat- 
tern of the shape desired with shots 
0.5 mm. between centers. Usually 
one-minute intervals were allowed 
between adjacent shots. The dura- 
tion of each shot has been in the 
range from 0.5 sec. to 10.0 sec. for 
most of the work up to the present 
time. 
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By employing the above techniques (sterility can be maintained through- 
out) and apparatus, accurately localized lesions have been produced within 
the depths of the mammalian brain by a focussed beam of ultrasound. 
Thirty-one cats were irradiated in the region of the internal capsule and 
thalamus in transverse planes from 9 to 11 mm. in front of the ears. The in- 
ternal capsule of these cats is illustrated at a plane of irradiation in Fig. 4. 





Fic. 4. Transverse section of brain of cat #101 in a plane of irradiation. Left internal capsule was 
irradiated at 210 watts/cm.? for 4.0 seconds. Three days postoperative. Weil stain. 


A series of animals were irradiated for 4.0 sec. at 210 watts/cm.? with a rec- 
tangular array of shots, the array being 7.5 mm. laterally by 2 mm. longi- 
tudinally. The animals were observed after the irradiation for functional dis- 
turbances. Characteristic changes were produced in the placing reactions of 
the limbs. The cats were sacrificed at 1 day, 3 days, 12 days, and 30 days 
after irradiation to study the time course of the effects. They were perfused 
through the arterial system with formalin at the time of sacrifice and their 
brains were removed. Degeneration of the pathway from the motor cortex 
to the spinal cord was studied by Marchi preparations (Fig. 5). Tissue sec- 
tions in the irradiated region were stained with thionin and Weil stains. The 
lesion is readily observed histologically in the cats that were sacrificed one 
day after irradiation. In fact, research currently in progress indicates that 
the changes produced in the tissue are evident two hours after exposure. At 
this dosage sound exerts no direct effect on blood vessels. The primary action 
of the sound is probably not a destructive effect upon the gross cell mem- 
brane but is a disturbance at a sub-microscopic level. At 3 days leucocytes 
begin to appear, indicating reaction to tissue damage. In the animals sacri- 
ficed at 12 days phagocytes are engaged in removing the debris in the dam- 
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Fic. 5. Transverse section through pyramid of cat #76. Lesion illustrated in Fig. 6. Marchi stain. 


aged area. At 30 days this process is continuing and scar-tissue formation 
has started (Figs. 6 and 7). At this dosage the nerve cell bodies of the thala- 
mus seem relative immune to effects by the sound but the fibers of the 
internal capsule are irreversibly affected. It is to be emphasized that the 
sound beams entered the brain from directly above the superior and lateral 





Fic. 6. Transverse section of brain of cat #76 in a plane of irradiation. Left internal capsule was 
irradiated at 210 watts/cm.? for 4.0 seconds. Thirty days postoperative. Thionin stain. 
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aspects of the right frontal region to produce this lesion of the internal 
capsule and that the intervening brain tissue through which the sound beams 
passed has not been affected. There is no disruption of the blood-vessel 
walls—even in the site of the lesion. 

An extensive investigation of the physical factors, including temperature 
and cavitation, possibly involved in the production of these effects of ultra- 
sound on the central nervous system has been accomplished. The interested 








Fic. 7. Transverse section of brain of cat #80 in a plane of irradiation. Left internal capsule was irradi- 
ated at 180 watts/cm.? for 7.0 seconds. Thirty-two days postoperative. Thionin stain. 


reader is referred to previous publications concerned with this aspect of the 
problem. 

Five years ago we initiated a study of the effects of ultrasound on the 
central nervous system. Three years have elapsed since the mammalian 
neurological studies were initiated and a neurosurgeon became closely asso- 
ciated with the group with the eventual objective of applying these tech- 
niques to human neurosurgery.’ 

Initially it appeared to us that, in the irradiating cireumstances employed 
on mammals, ultrasound exerted a specific effect on nerve cells over the 
effect on nerve fibers and blood vessels. A subsequent numerical count of 
cell population in the irradiated areas failed to disclose any significant de- 
population of cells. The most recent study (and the only study carried out 
with the multibeam irradiator) suggests a specificity for nerve fibers over 
nerve cells. Animal studies are in progress to determine the effect of ultra- 
sound on cell bodies under various dosage conditions. 

It has been apparent to us for some time that to realize the advantages 
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of the ultrasonic method (as contrasted with other methods) of producing 
localized lesions it is necessary to precisely locate the focal spot in the tissue 
and to know accurately the sound intensity. The procedure described in this 
paper makes feasible the severing of deep fiber bundles in the central nervous 
system in primates or man with the following advantages over other surgical 
techniques: (1) no disturbance to brain tissue except in the focal region, (2) 
no cutting of brain tissue, (3) no disturbance to the blood vessels, and (4) no 
opening of the dura mater. 


SUMMARY 


A technique, employing a focussed beam of ultrasound, has been de- 
scribed whereby accurately localized, quantitatively reproducible focal de- 
structive lesions may be made in the central nervous system. The dura 
mater need not be opened and the nervous tissue need not be incised or 
perforated. There is no disruption of the blood-vessel walls—even within the 
site of the focal destructive lesion. 


REFERENCES 


1. Barnarp, J. W., Fry, W. J., Fry, F. J., and Krumiys, R. F. Effects of intense ultrasound on the 
brain of the cat. (In press, J. comp. Neurol.) 

. Fry, W. J. Brain surgery by sound. Research Reviews (U.S. Off. Nav. Res.), March 1953, 23-26. 

. Fry, W. J. Action of ultrasound on nerve tissue—a review. J. acoust. Soc. Amer., 1953, 25: 1-5. 


i.) 


- 


4. Fry, W. J., and Fry, R. B. Temperature changes produced in tissue during ultrasonic irradiation. 
J. acoust. Soc. Amer., 1953, 25: 6-11. 
5. Fry, W. J., and Fry, R. B. Determination of absolute sound levels and acoustic absorption coeffi- 


cients by thermocouple probes—experiment. J. acoust. Soc. Amer., 1954, 26: 311-317. 
6. Mossere, W. H., Jr., Tucker, D., and Fry, W. J. Localized lesions in the bulboreticular inhibitory 
formation produced by ultrasound. Fed. Proc., 1952, 11: 109. 





— -a-_ a 





Pt et OO 








A CLINICAL EXPERIENCE WITH MENINGIOMAS 
OF THE BRAIN* 


FRANCIS C. GRANT, M.D.7 
Philadelphia, Pennsylvania 


(Received for publication June 3, 1954) 


fied on the neurosurgical service at the University and Postgraduate 

Hospitals of the University of Pennsylvania. In this group 219 were 
meningiomas, or 12 per cent. The purpose of the present report is to stress 
the problems involved in the surgical management of these tumors. 

A meningioma is a benign tumor, which, if it can be completely ex- 
tirpated together with its meningeal attachment, will not recur. Conse- 
quently, from the beginning, the operator has two ends in view: to remove 
the tumor completely and to remove it in such a fashion that the patient 
recovers and lives his life with a minimal neurologic deficit. This is the objec- 
tive. Its attainment depends on a number of factors not under the surgeon’s 
control: the size, and particularly the position, of the tumor and the neuro- 
logic deficit revealed by the patient prior to operation. And since these 
tumors grow so slowly, the clinical picture is no indication of the actual size 
of the tumor. These tumors are always much larger than the neurologic 
symptoms indicate. 

Diagnosis and localization of a meningioma are not difficult. A careful 
history and neurologic examination, roentgen-ray films, ventriculography and 
arteriography will not only place the tumor correctly within the cranial cav- 
ity but will, in the majority of instances, determine the fact that the tumor is 
a meningioma. Arteriography should be avoided whenever possible. The in- 
formation desired can be obtained just as satisfactorily and with less risk by 
ventriculography, except in an occasional subfrontal tumor. Following 
arteriography, the diodrast can diffuse out into the neck or produce a cere- 
brovascular spasm with disastrous results. Inasmuch as every patient har- 
boring a tumor should have the ventricles tapped pre- and postoperatively 
for relief of pressure, ventriculography is the method of choice for the locali- 
zation of silent lesions. In only 6 instances in this series was the tumor not 
exposed, and in 4 of these, the incision was correctly placed but the tumor 
lay too deep for identification. 

Anesthesia is important. The modern anesthetist is all for endotracheal 
anesthesia. But in all cases of supratentorial lesions, local anesthesia, plus 
morphine, pentothal, or the barbiturates by vein if the patient becomes rest- 


Fie January 1, 1931 to January 1, 1952, 1832 tumors have been veri- 
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less, is much safer. No matter how deftly an endotracheal tube is introduced, 
it remains in place for at least three hours. Edema of pharynx and larynx is 
sure to result with possible pulmonary complication three or four days later. 
In cases of subtentorial lesions, in which a clear airway is essential, an endo- 
tracheal tube is imperative. Space in the posterior fossa is at a premium 
even after relief of pressure by ventricular tap. Endotracheal anesthesia, 
while not entirely satisfactory, assures the operator that increased pressure 
from respiratory difficulties will be reduced to a minimum. Furthermore, 
postoperative tracheotomy has been done whenever necessary. This pro- 
cedure has saved a number of desperately sick patients and is heartily rec- 
ommended. 

Whether the operation is carried out in the erect or the prone position 
depends on the facilities and the operator’s training. The erect position, 
especially with subtentorial lesions, may afford better drainage of cerebro- 
spinal fluid and more adequate exposure through smaller fields. But if a 
persistent drop in blood pressure necessitates a change in position, this may 
be difficult to accomplish without contamination of the wound. Furthermore, 
air emboli can occur with the patient erect. 

We have had no large experience with the deliberate reduction in blood 
pressure by bleeding or by depressor drugs in the control of hemorrhage. 
Apparently, when a skilled and experienced anesthetist is available, this is 
a reasonably safe and very effective method to use in attacking the vascular 
and inaccessible subfrontal and subtentorial tumors. 

This series of meningiomas has been divided arbitrarily into three groups: 
the tumors lying over the convexity of the brain along the longitudinal sinus; 
the tumors at the base of the skull about the olfactory groove, sphenoid or 
petrous ridges; and those lying subtentorially. The convexity tumors are the 
most numerous, produce striking symptoms of convulsions, hemiparesis, and 
sensory disturbances, and present the easiest surgical problem. Every effort 
should always be made to extirpate completely a tumor in this region. The 
basilar group are accompanied by relatively little neurologic evidence of 
their presence, for the most part mental changes, proptosis of one eye, a 
visual field deficit, or ocular muscle paresis. Local changes in the bone on 
roentgen-ray studies may be the only evidence of the presence of a subfrontal 
tumor. Therefore, since these patients are not seriously crippled by the le- 
sion, the attempt at complete removal should not be carried to the point at 
which the patient suffers more from the surgeon’s efforts to remove the 
tumor than he did from the tumor itself. The subtentorial tumors may give 
pressure, cranial nerve, and cerebellar symptoms rather promptly. A definite 
effort should be made to remove these lesions completely, especially if they 
do not involve the brain stem. The seventh and eighth nerves may be injured 
but the cerebellar symptoms disappear ‘quickly if pressure is relieved, and 
remarkably little permanent damage is noted. 

The surgical results that have been obtained in these three groups are 
shown in Tables 1, 2, 3, 4 and 5. 














MENINGIOMAS OF THE BRAIN 
[ TABLE 1 





334 Operations on 219 patients—41 deaths 
Operative Mortality whole group—12.2% 





{ Position Number Deaths Case Mortality 
Convexity 128 19 14% 
Basilar 74 17 23% 
Subtentorial 17 5 29% 
Total 219 41 18% 





TABLE 2 


19 Deaths 109 Survivors 





Convexity Group—128 

Complete removals 95 
Working 57 
Crippled 28 
Died intercurrent disease 10 (to 1-1-52) 

(6 working, 4 crippled) 
j Incomplete removals 14 

Working 6 
Crippled 4 
Died recurrence 4 (to 1-1-52) 


(2 working, 2 crippled) 


| TABLE 3 


Basilar Group—74 17 Deaths 57 Survivors 





Complete removals 39 
Working 21 
Crippled ‘ 
Died intercurrent disease 9 (to 1-1-52) 
(5 working, 4 crippled) 
Incomplete removals 18 
Working 5 
Crippled 2 
| Died recurrence j (to 1-1-52) 


(3 working, 4 crippled) 
j Died intercurrent disease 4 (to 1-1-52) 
qi (2 working, 2 crippled) 





A study of the postoperative fatalities in these cases brings into clear 
i relief many of the problems involved. Fourteen patients (with 4 convexity, 
8 basilar, and 2 subtentorial tumors) died of postoperative shock. By this 
term is meant a fatality within 24 hours, obviously caused by operative 
trauma alone, with deep stupor, a failure of pulse and blood pressure, a rise 
in respiratory rate, and hyperthermia. The fact that only 4 of the 19 deaths 
in the convexity tumor group were attributed to that cause, whereas 8 of the 
17 basilar tumor fatalities and 2 of the 5 subtentorial fall into this category, 
is significant. Injury to the carotid vessels or hypothalamus in the basilar 
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TABLE 4 

Subtentorial Group—17 5 Deaths 12 Survivors 
Complete removals 8 

Working 6 

Crippled 1 

Died intercurrent disease l (to 1-1-52) 

(crippled) 

Incomplete removals 4 

Working Q2 

Died recurrence 2 (to 1-1-52) 


(crippled) 

group and to the brain stem in the subtentorial group is a disastrous compli- 
cation. Fatal postoperative shock following extirpation of a brain tumor is not 
raused by blood loss alone. Brain damage will produce it without severe 
bleeding. The judgment of the operator has always been at fault. The pre- 
vention of postoperative shock depends on two factors: first, the experience 
of the surgeon in knowing just how far he can carry the procedure with 
safety and second, an adequate supply of blood. And the presence of ample 
blood for transfusion is not always an unmixed blessing, for the surgeon may 
rely too much on replacement to cover his errors in judgment. An operator 
often attempts to remove a tumor in one stage and then, to his chagrin, dis- 
covers that an even greater than blood loss replacement will not rescue the 
patient. Exposure of the tumor brings up the critical decision: will the pa- 
tient withstand the further operative trauma involved in the removal of a 
tumor of this size in this position? Should extirpation be attempted, the 
maneuver may well be accompanied by further blood loss and brain damage 
with consequent drop in pulse pressure and volume. The operator now finds 
himself with a tumor half in and half out of the wound and is compelled to 
complete the extirpation in order to close the wound. The consequent bleed- 
ing and brain damage may produce a state of shock, which often does not 
respond to transfusion, drugs, or any methods for relief. If any doubt exists, 
close the wound with proper supportive measures. (These tumors are benign 
and slow-growing. Nothing serious can happen to the patient if final removal 
of the lesion is postponed for a week or two.) 

Adequate exposure will go far towards preventing brain damage. Men- 
ingiomas are always unexpectedly bulky. The higher mortality with sub- 
frontal and subtentorial tumors is in great part because of their inaccessibil- 


TABLE 5 


219 Cases 41 Deaths 178 Survivors 





Complete removals working 84 
Incomplete removals working 20 
Total returned to work 104 58% 
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ity. When attacking a lesion in either of these positions, the surrounding 
structures, the carotid branches or the brain stem and the cranial nerves, 
are so important that every move should be made under direct vision when- 
ever possible. Brain retraction during exposure and the trauma of tumor re- 
moval spell postoperative edema. Postoperative tap of the ventricle will help 
to relieve pressure but large bone flaps and an open dura mater are equally 
important. 

Postoperative hemorrhage has not been a problem in this series. Two 
deaths occurred in which the bleeding might have been a factor, and in 3 
other cases the wounds were reopened and a clot was evacuated with re- 
covery. These operative fields bleed from four sources: the tumor bed, be- 
tween bone and dura mater, the temporal muscle, and the concavity of the 
bone flap. Bleeding from the tumor bed may be controlled with clips, the 
bovie, muscle, or foam. But the dura mater at the edge of the flap should 
be stitched up to the pericranium and pulled tight against the under surface 
of the bone to control ooze from between bone and dura mater. The temporal 
muscle should be stripped off the outer surface’of the flap until only the fas- 
cial attachment remains. This checks bleeding from the concavity of the 
flap and exposes the under surface of the muscle so that coagulation may be 
applied. Always relax the flap and watch this muscle surface for bleeding 
points before replacing the bone. 

But a most common cause for postoperative hemorrhage is the replace- 
ment of the flap and closure of the wound with the blood pressure low. The 
blood pressure is then raised by transfusion. The wound should not be closed 
until the blood pressure has returned to the preoperative level. Unless the 
tumor bed is observed until this blood pressure rise has occurred, many small 
vessels, apparently controlled, will begin to ooze again as the pressure is 
increased. Compression of the jugular veins by the anesthetist should be 
performed. In this way, any vessel, which might bleed postoperatively, if 
the patient vomited or coughed, can be seen. By these maneuvers, post- 
operative hemorrhage can be practically eliminated. When these precautions 
have been taken if the patient’s stupor increases or the neurologic deficit 
becomes more marked postoperatively, this is probably because of edema 
and not because of hemorrhage. 

The convexity tumors are the most numerous, usually afford the most 
definite clinical evidence of their position, present fewer surgical problems, 
and yield the most satisfactory postoperative results. Removal of the con- 
vexity tumor requires a flap to expose the longitudinal sinus, for most of 
them lie close to it. Once adequate exposure of the tumor is obtained, the 
dura mater should be cut about the lateral edge of the lesion and all vessels 
reaching the surface of the tumor should be controlled. After a line of cleav- 
age is found between dura mater and brain, careful and cautious finger dis- 
section should be used to separate the lesion from the surrounding brain. 
The tip of the dissecting finger can feel the one or two large vessels running 
into the mass from below and these can readily be clipped or coagulated. 
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The main venous supply to the tumor runs between the lesion and the longi- 
tudinal sinus. Unless the tumor is attached to the falx as well as to the dura 
mater, tilt the tumor medially across the falx and control this bleeding from 
beneath, then separate the dural attachment of the tumor from the sinus, 
being careful not to injure the sinus. If the rolandic vein runs across the up- 
per surface of the tumor, save it if possible. Only too frequently the tumor 
is attached to both the dura mater and the falx. With the bovie, cut the tu- 
mor from its attachment to the falx and remove the bulk of the mass. Needle 
the longitudinal sinus to determine whether or not it is patent. If it is patent, 
trim off and coagulate the tumor close to it, and leave the sinus alone. The 
patient will be far better off as far as his neurologic deficit is concerned if 
he faces a slow recurrence at some future date, than if he is promptly made 
hemi- or quadriplegic with his tumor totally removed. If and when, in the 
future, recurrence is obvious, a venogram can be done to determine the 
patency of the sinus. If it is occluded, complete removal of the tumor and its 
attachment to the falx and the sinus may safely be attempted. 

The subfrontal tumors are handled in the same fashion. But in attacking 
a subfrontal tumor, remember that these lesions usually produce minor 
neurologic defects and grow very slowly. Curiously enough, those tumors 
accompanied by most obvious invasion of bone are much smaller in intra- 
cranial content than lesions accompanied by minimal bone change. If a 
tumor produces marked thickening of the orbital plate and sphenoid ridge 
with few or no severe neurologic deficits, no attempt should be made to extir- 
pate it. In any event, if and when a surgical attack is contemplated on a sub- 
frontal tumor, the surgeon must use every precaution to minimize the opera- 
tive neurologic damage. Few patients are satisfied to be told that their tumor 
has been completely extirpated and that they can live their normal life span 
with a partial or complete hemiplegia, which was not their preoperative 
complaint. 

The frontal meningiomas, especially those that arise from the olfactory 
groove, may be bilateral and extend under the falx to involve the opposite 
side. They arise close to the point where the internal carotid artery enters 
the cranium and consequently they are frequently involved with one of the 
major branches of this important vessel. To clip the right anterior cerebral 
artery is a relatively safe procedure that is not followed by prolonged or 
serious neurologic sequelae. But surgical occlusion of the left anterior 
cerebral artery, of either middle cerebral, or of course, of the main trunk 
of either internal carotid artery, leaves the patient hopelessly crippled. One 
or both optic nerves, or the chiasm, may be adherent to the base or sides of 
the tumor and should be carefully identified and avoided. 

A wide exposure is of first importance in any attack on a meningioma 
springing from the olfactory groove or from either end of the sphenoid 
ridge. A coronal incision with bilateral frontal flaps is often advisable. In 
forming the anterior limb of the flap or flaps, care must be taken to avoid 
entering the frontal sinus. Reduction of pressure by ventricular tap is im- 
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perative. If a single flap is used, the median edge of the flap should be placed 
across the longitudinal sinus so that, after the dura mater is opened, easy 
access may be obtained to the veins running from the longitudinal sinus to 
the adjacent frontal lobe. If the tumor is preponderantly right-sided, the 
right frontal lobe may be sacrificed from a point just in front of the origin 
of the sylvian fissure to the midline. Necessity for frontal lobe amputation 
may be avoided if, after coagulation of the veins running from cortex to 
sinus, the lobe is retracted laterally and the falx cut along its attachment to 
the crista galli. This involves ligation of the longitudinal sinus well anteriorly, 
which is an easy and harmless maneuver. Once the falx is freed anteriorly, 
one or both frontal lobes may be retracted posteriorly much more easily. 
Elevation of the appropriate frontal lobe along the level of the sphenoid 
ridge is now indicated, unless the tumor appears on the surface elsewhere. 
The presence, position, and possible size of the tumor should be determined 
as accurately as possible. The right frontal lobe is sacrificed if necessary. 
The degree to which a tumor in this area lends itself to complete removal 
depends on the firmness and position of its dural attachment at the base of 
the skull in the anterior fossa or along the sphenoid ridge. If it rocks easily 
on its base when the dissecting finger is carefully passed about it, complete 
removal may be possible and should be attempted. Gutting the mass with 
the bovie instrument to reduce its size may be indicated, unless hemorrhage 
is too severe. If the tumor is firmly fixed to the dura mater on a broad base, 
complete extirpation will be impossible. Removal of the upper part of the 
lesion with the bovie instrument or, if it is sufficiently soft in consistency, 
with the sucker, is all that can be accomplished. Inasmuch as only partial 
resection is possible, radical maneuvers that might result in injury to the 
carotid or to the optic nerves should be avoided. 

Should the surgical attack on a meningioma be a one-stage or a two-stage 
procedure? These are benign tumors that do not recur if completely removed. 
A one-stage operation is much more satisfactory whenever possible. And with 
careful hemostasis, plus ample blood transfusion, the patient’s condition 

‘an usually be kept within safe levels. But if the operator or anesthetist 
becomes anxious, no unnecessary risks should be taken; the operation should 
be terminated and completed at a second stage. 

A meningioma may have its dural attachment anywhere in the posterior 
fossa, although most commonly it is attached close to the lateral or occipital 
sinus or along the edge of the posterior lacerated foramen. The one assur- 
ance of successful operation in the posterior fossa is adequate exposure. 

Bilateral ventricular taps are carried out for relief of pressure. A bilateral 
suboccipital craniectomy, done laterally on the side of the lesion to expose 
the first mastoid cells and uncover the lower edge of the lateral sinus, and 
below to include the removal of the rim of the foramen magnum and atlas, 
is always indicated. The outer half of the cerebellar hemisphere overlying 
the tumor should be sacrificed if occasion demands. The relationship of the 
tumor to the glossopharyngeal and vagus nerves and to the brain stem deter- 
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mines the possibility for complete removal. The lower pole of the tumor is 
exposed first and these nerves are freed, if adherent to it. If they are injured 
during operation, the immediate result may seem successful but because of 
interference with swallowing function, the patient will usually succumb 
to aspiration pneumonia within a week or ten days. Immediate postopera- 
tive passage of a Levin tube for feeding will help to prevent this pulmonary 
complication, as will a tracheotomy, but serious damage to these nerves 
should be avoided at all costs. These nerves cannot be preserved unless they 
are actually seen, and they cannot be seen unless the widest possible exposure 
is obtained. Once the ninth and tenth nerves have been gently and carefully 
dissected free from the lower pole of the tumor and protected with a cotton 
patty, the capsule of the tumor is opened and the mass is gutted with the 
bovie instrument or a sucker. When the size of the tumor has been reduced 
as much as possible by intracapsular removal, the overlying stump of the 
amputated cerebellar lobe is gently retracted medially and the capsule of 
the tumor is carefully freed from the adjacent brain stem. The inferior cere- 
bellar artery may run across the lower pole and may require cauterization 
or a clip. At the upper pole, the inferior petrosal vein should be looked for 
and controlled before the capsule is drawn out from this region. The seventh 
and eighth nerves can rarely be preserved, if complete removal is to be ac- 
complished. Especially is this true if the tumor arises from the dura mater 
at the internal auditory meatus, for cauterization of the dura mater in the 
meatus may be necessary to destroy all cell nests in this region. Damage 
to the trigeminal nerve at the upper pole of the tumor should be avoided. 
With both fifth and seventh nerves destroyed, closure of the eyelids of the 
ipsilateral eve will be necessary to prevent keratitis and ulceration. 

Many of these benign tumors can and should be removed. But these 
lesions are not uncommon in elderly patients; they grow very slowly, and 
at times are unexpectedly much larger than the degree of neurologic involve- 
ment and intracranial pressure suggests. Partial removal of the tumor, plus 
wide decompression, produces satisfactory results when complete removal 
is impossible. However, partial removal, plus inadequate decompression, as 
when the unilateral approach is used, may result in serious consequences, 
which are often avoided with the bilateral procedure. 

Four patients in this series died of meningitis, 3 in the pre-antibiotic 
period. Meningitis is always a hazard in brain tumor surgery, because of 
the length of time the wound is exposed. 

Postoperative treatment consists in ventricular tap, routinely every & 
hours, until the fluid is clear and the flap is flat. Unless the blood pressure is 
low, the head of the bed is raised about 20 degrees. Bone flaps are dressed 
at the end of 48 hours and the drain and sutures are removed. The suboccipi 
tal wounds are taped over the head for support of the neck and a hole is left 
in the dressing for ventricular tap. They are not redressed for one week 
Fluid is given by mouth and vein as required. A Levin tube is frequents 


a 
+ | 
Pa 


~— 
i ae iliac 


i nant et Catt lr Dh la. 


ae eter 


ae A 8 ne 3 


e 
i 





at fi» tne bee 


ian 





MENINGIOMAS OF THE BRAIN 487 
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used in cerebellar cases for feeding, and to keep the stomach empty to pre- 
vent vomiting. 

An attack on a meningioma varies in difficulty and the chances for com- 
plete removal of the tumor with the size and position of the lesion. The basi- 
lar tumors, whether above or below the tentorium, are less easily extirpated 
than similar lesions on the convexity. A subtotal removal without aggrava- 
tion of existing neurologic deficit will be more satisfactory to the patient 
and to his family than a complete removal and the assurance of a long life, 
severely crippled. 
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pineal gland. The 5 cases reported here and similar cases reported in 

the literature have several factors in common. All are of congenital 
origin, are arteriovenous shunts with venous drainage into the great vein 
of Galen, and appeared to be amenable to surgery. They often are associated 
with hydrocephalus. In 2 of the 5 cases the communication was between the 
anterior cerebral artery group and the great vein of Galen, in 2 it was be- 
tween the posterior cerebral artery group of vessels and the great vein of 
Galen, and in 1 it was between the superior cerebellar artery and the great 
vein of Galen. In each of the cases the diagnosis was established by angiogra- 
phy. When therapy was instituted it was ligation of the vessels on the arterial 
side and in these instances postoperative angiography revealed failure of 
filling of the vascular malformations. 

The first report found in the literature of arteriovenous malformations 
leading into the great vein of Galen was by Jaeger, Forbes and Dandy’ in 
1937. They described a communication between the circle of Willis and the 
great vein of Galen in a 4-year-old child whose symptoms began at approxi- 
mately the age of 8 months. The child had an internal hydrocephalus. This 
they attributed to the greatly dilated great vein of Galen pressing on the 
aqueduct. Because the patient had no history of trauma, they concluded 
the aneurysm was congenital. 

In 1940 Russell and Nevin" reported 2 cases in children. In one the aneu- 
rysm was a complex sacculated structure communicating between the left 
posterior cerebral artery and the great vein of Galen. There was an associ- 
ated absence of the sigmoid portions of both lateral sinuses. In their second 
case the arteries coming over the corpus callosum connected with the great 
vein of Galen. In both cases there was an internal hydrocephalus. 

In 1945 Alpers and Forster! reported on an 18-year-old boy with bilatera! 
hydrocephalus secondary to a calcified arteriovenous malformation in the 
pineal region. The arterial supply came through the posterior cerebral o1 
the choroidal arteries and the venous drainage was through the great vein 
of Galen. Alpers and Forster doubted that involvement of the great cerebra' 
vein is capable of producing internal hydrocephalus. They mentioned the 
investigations of Bedford’ indicating that occlusion of this vein in the 
dog is incapable of producing internal hydrocephalus despite scattered re- 


Tvs report concerns arteriovenous malformations in the region of the 
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ports to the contrary. They believed that the hydrocephalus more probably 
was caused by pressure and occlusion of the aqueduct of Sylvius. 

In 1947 Oscherwitz and Davidoff’ reported on a 27-year-old woman with 
a calcified aneurysm situated in the midline between the occipital lobes. 
The arterial supply was from the branches of the circle of Willis and the 
venous drainage was into the great vein of Galen. There was no hydrocepha- 
lus. 

In 1949 Boldrey and Miller® reported 2 cases of arteriovenous fistulas 
connecting the arteries of the circle of Willis and the great cerebral vein of 
Galen. They treated their first patient with ligation of the external and in- 
ternal carotid arteries in the neck and considered this therapy of distinct 
value. It is difficult to understand how this would improve the patient un- 
less the temporary diminution of blood going through the fistula would per- 
mit some thrombosis within the lesion. However, no mention was made of 
such thrombosis. 

Olivecrona and Riives® in 1948 reported on various types of arteriovenous 
aneurysm of the brain, but it could not, from their report, be ascertained if 
any of them were between the anterior or posterior cerebral arteries and the 
great vein of Galen. 

Gillingham’ in 1953 reported 1 patient with an arteriovenous malforma- 
tion between the cerebral vessels and the great vein of Galen. He empha- 
sized that unless vertebral angiography is carried out as a routine in addition 
to carotid angiography, in the more posteriorly placed malformations the 
feeding vessels from the posterior cerebral artery often are not demonstrated. 
He also stated that it is helpful to perform vertebral angiography with simul- 
taneous carotid compression on the same side as the lesion. By this maneuver, 
minor implications of the posterior cerebral artery can be more easily demon- 
strated. Carotid compression, he stated, having robbed the malformation of 
its principal supply from the middle cerebral artery permits filling of the 
lesion from the posterior cerebral flow. 

Also in 1953 Askenasy, Herzberger, and Wijsenbeek? reported on the 
association of hydrocephalus with vascular malformations of the brain. 
The purpose of their report was to emphasize the fact that hydrocephalus 
may be caused by congenital malformation coincident with the cerebral 
vascular abnormality, or by recurrent small hemorrhages occurring in the 
subarachnoid space with the production of an adhesive leptomeningitis and 
subsequent closure of the subarachnoid spaces, or by a faulty distribution of 
blood and subsequent oxygenation of the brain. Lemmen and Schneider® 
emphasized that obstructive hydrocephalus may occur secondary to vascu- 
lar abnormalities in the third ventricle. 


EMBRYOLOGY 


The internal carotid artery appears first at approximately the 3 mm. 
stage of the embryo. At 4 mm. two divisions are apparent. The anterior di- 
vision gives rise to the anterior and middle cerebral and the anterior choroi- 
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dal arteries. The posterior division develops into the posterior communicating 
artery and later gives rise to the posterior cerebral artery together with its 
posterior choroidal branch. 

The middle cerebral artery has in 16-18 mm. embryos become a promi- 
nent stem with several branches spreading over the cerebral hemisphere. 
At about the same time the anterior communicating artery becomes a defi- 
nite vessel. The anterior cerebral arteries then extend up between the cere- 
bral hemispheres. A small median anterior cerebral artery arises from the 
anterior communicating artery. This vessel persists normally in many verte- 
brates and anomalously in man as a single anterior cerebral artery (median 
artery of the corpus callosum). When it does, there is often an associated 
lack of normal development of the paired anterior cerebral arteries. Arterio- 
venous abnormalities may arise between terminal branches of the normal 
anterior cerebral arteries or the anomalous median artery of the corpus 
callosum or the middle cerebral artery and the venous branches draining 
into the great vein of Galen. 

The definitive posterior cerebral artery at an early stage cannot be identi- 
fied unequivocally, but its adult stem of origin is represented early and is 
usually the most distal end of the original posterior communicating artery. 
There are many other small branches arising at the same site. These are, of 
course, small branches of the posterior cerebral artery in the adult and as is 
the case with the formation of the anterior cerebral artery a collateral branch 
finally overshadows the primary artery. The progressive enlargement of the 
posterior cerebral artery is probably a function of the progressive enlarge- 
ment of the posterior portion of the cerebral hemisphere. 

The posterior choroidal artery is the more anteroventral of two large 
branches supplying the diencephalon; the other courses toward the pineal 
primordium. Two equally conspicuous branches emerge to supply the 
mesencephalon. Very early in the development, these future anterior choroi- 
dal and the future posterior choroidal arteries are definite vessels and are 
directed toward and eventually terminate in the choroidal infolding at the 
diencephalic roof. 

Many of the vessels extending into the mesencephalon and diencephalon 
anastomose across the midline with their counterparts on the opposite side. 
Vestiges of these anastomoses between the primitive vascular channels 
crossing the midline may result in the formation of arteriovenous aneurysms. 
Persistent and enlarged communications with the venous outflow via the 
great vein of Galen may produce malformations comparable to those pre- 
sented in this report. 

CASE REPORTS 


Case 1. A boy at the age of 2 months was observed to eat and sleep poorly, to 
be extremely irritable and to have an enlarged head. He was seen at that time in the 
dermatology clinic because of an atopic dermatitis. At the age of 15 months he was 
admitted to the University hospital because of pneumonia and malnutrition. His 
head circumference was 50 cm. Three months later he was readmitted because of 
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malnutrition. His head circumference was 51 cm. At the age of 21 months he was 
readmitted because of malnutrition and vomiting. 

Examination. At this time a pneumoencephalogram revealed enlargement of 
the lateral ventricles with a slight shift of the entire ventricular system to the left. 
There was evidence of a large mass near the midline in the right parieto-occipital 
region. 

1st Operation. Right occipito-parietal craniotomy was performed on Sept. 15, 
1949. A white shining mass was encountered in the posterior part of the parietal 
lobe at a depth of 6 em. A No. 22 needle was introduced into the mass and arterial 
blood was obtained. It was felt then that the lesion was an arteriovenous aneurysm. 
The hemorrhage was controlled and the wound was closed. 

Postoperatively bilateral carotid angiography was performed (Figs. 1 and 2). 
The right middle cerebral artery was elevated. The right posterior communicating 





anu’? 


Fic. 1. Case 1. Left carotid angiogram. The enlarged posterior communicating artery as well as the 
abnormally large vessel (arrow) leading into the aneurysm can be seen. The aneurysm itself does not 
fill in this exposure. 


artery and its continuation, the posterior cerebral artery, were much larger than 
normal and arising from the latter was an enlarged tortuous vessel which entered 
an aneurysmal-like cavity measuring approximately 5 cm. in diameter. It was felt 
that the displacement of the middle cerebral artery was caused by this large aneurys- 
mal sac. The left carotid angiogram revealed similar findings, that is, an enlarged 
posterior cerebral artery with a large tortuous branch extending into the aneurysm. 
The aneurysm was in the region of the pineal gland and could be seen to drain into 
the great vein of Galen. 

2nd Operation. A right temporoparietal craniotomy was performed and the large 
tortuous vessel arising from the posterior cerebral artery was clipped with silver clips. 
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Fig. 2. Case 1. Right carotid angiogram. Arrows point to 
arteriovenous aneurysm in region of pineal gland. 


3rd Operation. Two weeks later, through a left parietotemporal craniotomy flap, 
the large vessel entering the aneurysm on this side was clipped. 

Course. He was discharged from the hospital on Jan. 4, 1950. 

On Aug. 7, 1950 he was readmitted for general evaluation of an apparent mental 
retardation. He was almost 3 years old. He was described as being a well developed, 
well nourished child with a head circumference of 52 cm. and a weight of 10.6 kg. 
Neurological examination revealed no abnormality. He ate well and played but 
could not sit alone nor hold his head up. X-rays revealed that the clip on the left 
side had slipped off the vessel and although he was very much improved in general 
appearance it was felt that the artery was still feeding the aneurysm. 

4th Operation. The left craniotomy was reopened and the area of the vessel ex- 
posed. A white fibrous band about 1 to 13 mm. in diameter was found. It was felt 
that this was the artery previously clipped. Apparently it had become occluded and 
thrombosed before the clip slipped off. In any event, another clip was put on the 
structure and the wound was closed. 

Course. The patient tolerated the procedure well. Subsequently he has been seen 
on many occasions in the clinic. Examination on May 1, 1953, at which time he was 
55 years of age, revealed that he was 37 inches tall and weighed 283 Ibs. His head 
circumference was 53 cm. and his mental age was evaluated to be approximately 8 
months. 


Case 2. A 12-year-old boy in 1950 began to play truant from school. Because of 
this he repeated the seventh and eighth grades. His mother stated that he became 




















ef —— 





pete 4 









o 





NODE eas Aside 


‘ 


\ 


a Oe ee 




















VASCULAR MALFORMATIONS IN PINEAL REGION 493 


less reliable and in 1951 a farm placement was made but was terminated after the 
patient became restless, began to steal, set fires, and became homesick. 

During October, 1952 he had the first of two spontaneous subarachnoid hemor- 
rhages. Right carotid angiography (Figs. 3 and 4) demonstrated an arteriovenous 
malformation on the medial aspect of the right cerebral hemisphere just above and 
posterior to the location of the great vein of Galen. The abnormal mass of vessels 
occupied an area 3 cm. in diameter. Contrast media appeared to traverse very rapid- 
ly from the malformation into the straight sinus and into the great vein of Galen. 





Fic. 3. Case 2. Right carotid angiogram. Arteriovenous malformation is visible in region of great 
vein of Galen. Contributing vessels arise from branches of anterior cerebral arteries. 


This arteriovenous malformation filled equally well in angiography performed via 
the left carotid artery. It was felt at that time that the malformation was inoperable, 
so the patient was discharged from the hospital. 

On July 23, 1953 he was readmitted because of persistent headaches and personal- 
ity aberration. It was decided to attempt to occlude the vessels entering the angioma. 

Operation. On Aug. 29, 1953 a craniotomy was performed exposing the parietal 
region on both sides of the midline. A spinal puncture was performed to reduce the 
dural tension. The intracranial pressure remained elevated so that hexamethonium 
was given to reduce the systolic blood pressure to about 80 mm. of mercury. One 
large vein extending from the cortex to the superior sagittal sinus was sectioned in 
order to expose down along the left side of the falx. The region of the corpus callosum 
was visualized. An abnormally large artery, approximately 2} mm. in diameter, was 
seen to the right of the midline and lying on the corpus callosum. It was felt that 
this was the principal artery contributing blood to the vascular malformation. The 
vessel was clipped with two silver clips. The wound was then closed in the usual 
manner. 
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Course. Eleven days after operation 
left carotid angiography was again per- 
formed. The anterior cerebral artery 
filled proximal to the site at which it was 
clipped but there was no filling of the 
angioma. He was discharged from the 
hospital on Sept. 10, 1953. 

He has been seen three times in fol- 
lowup clinic, the last time on Mar. 10, 
1954. He had no headaches and other- 
wise had been doing well physically, in 
behavior, and in school adjustment. 


Case 3. A 22-year-old lady had been 
symptom free until July 27, 1953, when 
there was sudden onset of severe gen- 
eralized headaches. Shortly thereafter 
her speech became slurred, she had 
difficulty standing, and she became 
comatose. 

Fic. 4. Case 2. Anteroposterior carotid angio- Spinal puncture rev saled grossly 
gram showing arteriovenous malformation draining bloodv spinal fluid. Physical and neuro- 
into great vein of Galen. ie: : : “ 

logical examination revealed no ab- 
normalities except nuchal rigidity and a positive left Babinski sign. 

Bilateral carotid and left vertebral angiograms were performed (Figs. 5 and 
6). An arteriovenous malformation, 13 
cm. in diameter and located to the right 
of the midline just above the corpus cal- 
losum in the region of the pineal gland, 
was visualized. It seemed to arise from 
a branch of the pericallosal artery. 
There was very rapid filling of the great 
vein of Galen from the aneurysm. The 
lesion filled well after injection of either 
the carotid or the left vertebral artery. 
In the right carotid angiogram the an- 
terior cerebral artery seemed to be 
quite small but the lesion also filled 
from this side. The left anterior cerebral 
vessel seemed to be very large and tor- 
tuous and it was felt that this was the 
primary vessel feeding into the mal- 
formation. 

Operation. On Aug. 25, 1953, a 
craniotomy exposing the parietal region 
bilaterally was performed. An opening 
in the dura mater was made to the left 





: . . Fic. 5. Case 3. Carotid angiogram revealing 
of the sagittal sinus. One large cortical ante oe — 
arteriovenous malformation in region of great vein 


vein was sacrificed in order to expose of Galen. Entering vessels are entirely from anterior 
down along the falx. The corpus cal- cerebral group. 
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losum was visualized and along its upper surface was an unusually large 
tortuous artery which was felt to be the left anterior cerebral vessel. It was clipped 
with several clips. 

Postoperatively a repeat angiogram revealed filling of the arteriovenous malforma- 
tion but to a lesser extent than preoperatively. It appeared that the surgical clips 
placed on the anterior cerebral artery had simply reduced the blood supply to the 
arteriovenous malformation. She was discharged from the hospital on Sept. 2, 1953. 

She returned for followup examination on Mar. 16, 1954. She had been entirely 
free of symptoms and neurological examination revealed no abnormality. 





Fic. 6. Case 3. Vertebral angiogram showing arteriovenous malformation in 
region of great vein of Galen draining into straight sinus. 


Case 4. A 14-year-old girl on July 1, 1953 had onset of severe left-sided headaches. 
She immediately became uncooperative and talked nonsense. She vomited four 
times. She was put to bed and after 1} hrs. she went to sleep and could not be 
aroused. Three hours later she regained consciousness. Spinal puncture revealed 
bloody spinal fluid. A stiff neck developed and the headache persisted for approxi- 
mately 3 weeks. 

Examination on Oct. 30, 1953 at the Mayo Clinic revealed no abnormality. On 
Nov. 6, 1953 bilateral carotid and right vertebral angiography was performed (Figs. 
7 and 8). This revealed a vascular malformation approximately 2 cm. in diameter. 
The entering vessels were branches of the posterior cerebral arteries and the drain- 
age was into a dilated great vein of Galen. 

Because of lack of symptoms and seemingly normal neurological findings surgi- 
al therapy was deemed inadvisable at this time. 


Case 5. A 43-year-old man in 1943 began having severe headaches, profuse sweat- 
ing, photophobia, and lethargy. 
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Fig. 7. Case 4. Vertebral angiogram showing arteriovenous malformation in region of great 
vein of Galen filling from branches from posterior cerebral artery. 





Fic. 8. Case 4. Anteroposterior projection of 
vertebral angiogram revealing malformation in re- 
gion of great vein of Galen. 


In 1950 severe headache occurred 
with development of nuchal rigidity and 
unconsciousness. Carotid angiograms 
revealed no abnormality. He recovered 
from the hemorrhage but had a depres- 
sive mental reaction with paranoid 
trends. 

In 1951 a second episode of sub- 
arachnoid hemorrhage occurred. Ver- 
tebral angiograms revealed a very di- 
lated superior cerebellar artery leading 
into a large aneurysmal sac. This sac 
was in the region of the pineal gland. 
The venous drainage was via a dilated 
great vein of Galen. 

Operation. A posterior fossa explora- 
tion revealed the vascular abnormality 
but the dilated superior cerebellar ar- 
tery could not be safely visualized and 
ligated through this approach. 

Course. It was planned to reoperate 
at a later date via a supratentorial ap- 
proach but the patient refused surgery. 


Because of his psychosis he was committed to an institution. 
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DISCUSSION 


It is felt that these vascular malformations, which are very unfavorable 
for removal because of their location, nevertheless are operable when it is 
possible to demonstrate their arterial supply. This may not be ideal treat- 
ment but it is reasonable to think that it will prevent recurrent hemor- 
rhages and possibly relieve other symptoms by causing thrombosis in the 
lesion or decreasing its size if not thrombosed. Only by long followup study 
or postmortem examination can this be determined. 

Concerning diagnosis, there seems to be no absolute sign nor symptom 
indicative of these lesions in the region of the pineal gland. As reported in 
the literature, it is entirely possible for them to be evidenced by a very 
chronically increased intracranial pressure with slowly developing hydro- 
cephalus. This is demonstrated in Case 1. However, the other patients, 
interestingly enough, were older individuals who presented symptoms of 
spontaneous subarachnoid hemorrhage, and in 2 there was a prelude of 
personality changes. The latter could be attributed to increased intracranial 
pressure but there was no evidence of this on spinal puncture nor was there 
evidence of hydrocephalus in the angiograms. 

It is believed that these malformations present a pathologic entity be- 
cause of the apparent congenital origin from abnormal communications 
between the anterior or middle cerebral arteries and the venous drainage 
into the great vein of Galen. Perhaps they are even a clinical entity when 
occurring at a young age. 

CONCLUSIONS 


A series of 5 cases* of arteriovenous malformations located in the midline 
in the region of the pineal gland is presented. Provided one can discern on 
angiographic studies the vessels leading into the malformation, it is possible 
to make a direct operative attack on the entering vessel, thereby obliterating 
or at least diminishing the size of the malformation. 
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* Case 4 was used through the kind permission of Dr. Collin S. MacCarty, Mayo Clinic, Rochester, 
Minnesota. It was included because it so well represented a variation in this general group of malforma- 
tions. 
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RESULTS OF DECOMPRESSION OPERATION FOR 
TRIGEMINAL NEURALGIA* 


J. GRAFTON LOVE, M.D., anp HENDRIK J. SVIEN. M.D. 
Section of Neurologic Surgery, Mayo Clinic and Mayo Foundation,{ Rochester, Minnesota 


(Received for publication June 21, 1954) 


neuralgia in 1952. His procedure consisted of intradural decompression 

of the gasserian ganglion and posterior root of the fifth cranial nerve. 
In this operation the posterior root is not sectioned, and consequently sensa- 
tion in the face is not sacrificed. Love,! in 1952, modified Taarnhgj’s opera- 
tion and carried out an extradural approach to the gasserian ganglion and 
posterior root of the fifth cranial nerve. 

During the period from June, 1952 to March, 1954, we and our associates 
have treated 100 patients with trigeminal neuralgia by decompression of the 
gasserian ganglion and posterior root of the fifth cranial nerve. The pro- 
cedure employed in each of these cases is the modification of Taarnhgj’s 
procedure devised by Love,? which may be described briefly as follows. 


[scars introduced a new operation for the treatment of trigeminal 


PROCEDURE 


Through a small subtemporal craniectomy opening the middle meningeal artery 
is ligated and divided. The dura mater is stripped from the foramen ovale upward 
and backward to expose the intracranial portion of the third branch of the trigeminal 
nerve, the gasserian ganglion and the dura propria over the adjacent portion of the 
posterior root of this ganglion. The dura mater underneath the temporal lobe is 
then incised posteriorly, parallel to the posterior root of the ganglion, and the 
tentorium overlying the posterior root in the posterior fossa is also incised. By this 
technic the posterior root of the gasserian ganglion is thoroughly decompressed. 


POSTOPERATIVE COMPLICATIONS 


From Table 1 it is evident that the procedure of decompression as em- 
ployed in this series is a safe one. The 1 death occurred in a patient who had, 
from all clinical signs, recovered from the operation. Only in 1 case did palsy 
of the third cranial nerve result, and in this instance the palsy was slight and 
cleared up completely in a month. There were no instances of palsy of the 
fourth cranial nerve. Bleeding from the superior petrosal sinus has not been 
a problem; it is usually controlled easily by the application of absorbable 
gelatin sponge (gelfoam). In only a few instances has clipping of the sinus 
been necessary. 








* Read at the meeting of the Harvey Cushing Society, Santa Fe, New Mexico, May 6, 1954. 
+ The Mayo Foundation is a part of the Graduate School of the University of Minnesota, 
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TABLE 1 


Decompression operation for trigeminal neuralgia: complications in 100 cases 








Cases } Comment 





Deaths 1 Coronary disease, 9 days after operation 
Facial palsy 16 9 very slight 

Third-nerve palsy 1 Slight, transient 

Fourth-nerve palsy 0 

Herpes 25 

Sensory impairment Q7 Subjective only in 13 

Complete relief immediately 51 





The incidence of facial-nerve palsy and of herpes has been somewhat 
higher after this procedure than after section of the posterior root. This re- 
sults from the fact that in the decompression operation the dura mater must 
be reflected more extensively from the gasserian ganglion and the posterior 
root than is necessary when section of the posterior root is performed. 

Postoperative subjective sensory impairment occurred in 13 patients. 
These sensations, consisting of paresthesias and dysesthesias, generally 
disappeared within 2 weeks, but in an occasional case persisted for several 
months. In the main, these subjective sensations have not been troublesome 
symptoms. 

Sensory loss occurred in some degree in 14 patients. In most of these 
instances, the loss was of minor degree and occurred in small isolated islands. 
In only 1 case was the sensory loss profound. In this case the degree of sensory 
loss was graded 3 (on a basis of 1 to 4) and involved the major portion of the 
area supplied by the second and third divisions of the trigeminal nerve. 
Sensation returned to practically normal in 5 months. So far as we know, 
there was no instance of keratitis in this series. 

Complete relief of the trigeminal neuralgia was immediate in 51 pa- 
tients. The remaining 49 patients had “tic-like” pain of varying degrees of 
severity during some period of their hospital stay (usually 5 to 8 days). 
In 4 instances this pain was so severe that either posterior-root section or 
alcohol block was carried out during the hospital stay. In the remaining cases 
the pain was less severe and no definitive treatment was carried out during 
the hospital stay. 

In the majority of cases in which tic-like pain complicated the hospital 
stay, the pain was described as being something like the “‘old”’ pain, but not 
nearly as severe. Although it occasionally came on shortly after the patient 
had aroused from anesthesia, usually it occurred on the third or fourth day 
after operation and persisted for 3 to 4 days. Then pain was not constant, 
but came in “‘showers” several times a day. In a few instances, it could be 
triggered by touching some portion of the face, usually the nasolabial fold. 
In a few cases, the pain recurred from time to time after the patient had been 
dismissed. The relationship of this pain to the eventual result will be dis- 
cussed below. 
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RESULTS 


In an attempt to evaluate the results of this procedure, a questionnaire 
was sent to all patients who had not been examined within the last 6 weeks. 
The data obtained are included in Table 2. 


TABLE 2 


Decompression operation for trigeminal neuralgia: results 


Months | Result 








after Cases = ee ———a : 
Operation | Relief Recurrence | Indeterminate 
19-22 16 6 | 9 1 
13-18 | 17 5 10 2 
7-12 41 | 26 10 5 
1-6 26 21 Q 3 
Total 100 | 58 31 11 





The patients listed as relieved stated rather unequivocally that they 
had not experienced further pain and were well pleased with the result of 
operation. The patients listed as having recurrences either had had further 
definitive treatment (posterior-root section or alcohol block) or had experi- 
enced tic-like pain which bothered them to the extent that they were dis- 
satisfied with the result. Some of these patients did not have severe recurrent 
pain, but had definite disturbances which, we feel, vitiated the results of 
operation. A somewhat typical reply from this group of patients is given in 
the following reproduction. 


1. Since your return home following your operation have you had any tic pain? 
Yes. If so, when did it start? Two Months ago. Has it persisted? Yes, probably 100 or 
more very mild, single pains daily. None of the previous severe, chain-type pains. 

2. Have you had any further medical or surgical treatment for your tic pain 
since your operation? No. If so, please describe briefly, giving type and date of treat- 
ment. If pains persist, I may try to make appointment with you for checkup this 
summer. 

Four patients in this group who had recurrence did not have typical 
trigeminal neuralgia but had atypical facial pain. 

Distribution of cases according to interval between time of operation 
and time of recurrence of the pain is shown in Fig. 1. It is evident that in 
approximately half of the failures, the pain recurred within the first month 
after operation. In only 3 cases did pain recur after 1 year of relief. The im- 
port of the graph is somewhat distorted by the fact that 4 patients listed as 
failures had atypical facial pain and were not relieved by the decompression 
operation. Another factor which is partially responsible for the large number 
of recurrences in the first month after operation is that early in our experi- 
ence with this operation we reoperated, in the first few days after the origi- 
nal procedure, on 4 patients who experienced tic-like pain described above. 
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Fic. 1. Distribution of cases according to interval between time of 
operation and time of recurrence of pain. 


From what we have learned of the significance of this pain, we do not now 
reoperate as early as we did in these 4 cases. 

Of the 31 patients who experienced recurrent pain, 12 have sought further 
definitive care. For one reason or other, the remaining 19 patients have car- 
ried on with their recurrent pain (Table 3). 


TABLE 3 


Decompression operation for trigeminal neuralgia: disposition of patients with recurrence 














| Cases 
Posterior-root section 8 
Alcohol injection 4 j 
No further surgical treatment | 19 e 
Total | 31 





The patients listed as having indeterminate results (Table 2) have been 
a difficult group to categorize. These patients had not written to us complain- 
ing of a poor result, but when they received the questionnaire they reported = 
having some disturbance, generally vague and transient. A rather typical : 
answer from this group of patients is given in the following reproduction. 


1. Since your return home following your operation have you had any tic pain? 
Yes. If so, when did it start? Oct. 30. Has it persisted? No—I had it 1 day, pain side 
of my nose into forehead. 

2. Have you had any further medical or surgical treatment for your tic pain 
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since your operation? No. If so, please describe briefly, giving type and date of treat- 
ment. Feb. 13 I had another attack pain side of my nose and into forehead just 1 day. 
Dr. Love suggested By. shots. However, pain left me and I did not have any vitamin By» 
injections. I have had no pain in my jaw. 

It is possible that some of these patients will eventually have true recur- 
rences. 

In order to determine the relationship of the occurrence of tic-like pain 
in the early postoperative period, discussed above, to the eventual result, 
we reviewed the cases in which more than 12 months had elapsed since oper- 
ation (Table 4). It would seem that such pain generally, but not always, 
augurs a poor result. 


TABLE 4 


Relationship of tic-like pain in the early postoperative period to the 
result observed 12 to 22 months after operation 














Patients 
Jo} re) IID . : Paras 
Pain 12 to 22 Pain in Early 
Months after Postoperative Period 
Operation Total eat eee - ie si sddesl 
Absent Present 
Relief 11 8 3 
Recurrence 19 6 13 
Total 30 14 16 


A similar study of relationship of postoperative sensory disturbance to 
the eventual result indicated that the presence of sensory loss is not neces- 
sarily associated with continued relief of pain (Table 5). 


TABLE 5 


Relationship of sensory disturbance in the early postoperative period to the 
result observed 12 to 22 months after operation 





Patients 





Jai 2 eye) pone a 
eu to Sensory Disturbance in Early 
I s afte 








ae ——— 
Operation Total 7 _ # eeniesnenanel . ia riod 3 
Absent Present 
Relief 11 7 4 
Recurrence 19 13 6 
Total 30 20 10 
SUMMARY 


The results of decompression of the gasserian ganglion and posterior root 
of the fifth cranial nerve for trigeminal neuralgia in 100 consecutive cases 
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have been reviewed. The incidence of relief of pain by this procedure is 
less than when the posterior root is sectioned; however, preservation of 
sensation in the face, eye and tongue may be worth the chance one takes in 
failing to obtain relief of pain by this nonmutilating procedure. 
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CASE REPORTS AND TECHNICAL NOTES 


ACOUSTIC NEUROMAS IN CHILDREN 
REPORT OF 2 CASES 


WINCHELL McK. Craic, M.D., Henry W. Donce, Jr., M.D., 
AND Paut J. Ross, M.D. 
Section of Neurologic Surgery, Mayo Clinic, and Mayo Foundation,* 
Rochester, Minnesota 


(Received for publication March 19, 1954) 


Tumors affecting the acoustic (eighth cranial) nerve occur most frequently in 
the fourth, fifth and sixth decades of life, according to statistics reported in the 
majority of published series.?*-° Recently, we operated on 2 children, 11 and 14 
years of age, who had typical acoustic neurofibromas (neurilemmomas). The un- 
common occurrence of typical tumors of the eighth nerve in the cerebellopontine 
angle of children less than 15 years old has prompted us to report these cases. 

The available pertinent literature lends emphasis to the fact that these tumors 
are rare in children. In his monograph Tumors of the Nervus Acusticus, Cushing? 
in 1917 quoted Henschen as reporting on a patient 19 years old with a tumor of the 
eighth nerve. Cushing,’ in 1927, again reported on a patient between the ages of 10 
and 15 years. The exact age was not given. Ziilch'’® reviewed 121 histologically veri- 
fied brain tumors in a series of patients 1 to 20 years old, in 1938. There was 1 case 
of a neurofibroma of the cerebellopontine angle in this series. Of the 100 tumors in 
children reported by Bailey and his collaborators! in 1939, 1 case concerned a neuri- 
noma (neurofibroma) of the twelfth cranial nerve in a patient 12 years old. There 
was no instance of such a tumor affecting the eighth nerve. Of the 130 patients with 
acoustic tumors reviewed by Nielsen® in 1942, the youngest was 18 years old. The 
youngest patient in the series (154) reviewed by Gonzalez Revilla® in 1947 was 19 
years old. Keith, Craig and Kernohan’ reported 427 brain tumors in children less 
than 15 years old in 1949. There was no instance of a neurofibroma of the acoustic 
nerve in this report. Love’ in 1950 reported on an intrapetrous neurofibroma that 
had originated in the eighth cranial nerve in a 16-year-old female. This patient’s 
symptoms were of 8 years’ duration, and presumably the tumor had been present 
when she was 8 years old. Edwards and Paterson’ listed 2 patients between 10 and 
20 years of age, but exact ages were not stated. An unusual case in which a unilateral 
tumor of the eighth nerve afflicted an 83-year-old child was reported by Mark and 
Sweet® in 1952. This lesion was an acoustic neurofibroma. The patient was 6 years 
old at the time of onset of symptoms. Among the patients with approximately 410 
verified unilateral acoustic neurofibromas operated on at the Mayo Clinic between 
January, 1915 and July, 1953, only 2 have been less than 15 years old. 

The cardinal signs and symptoms of tumors of the acoustic nerve in the cere- 
bellopontine angle are so well known that it seems unnecessary to repeat them here. 


* The Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
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However, it occurred to us that presentation of two cases of these tumors in children 
would be of interest and would show the close similarity between the symptoms as 
they appear in young children and the symptoms as they appear in adult persons. 


REPORT OF CASES 


Case 1.—A white boy 11 years old was examined at the Mayo Clinic because of bifrontal 
headaches that had begun 8 months earlier. The headaches usually had been present when 
the patient awakened in the morning, and by noon had subsided. The headaches had been 
constantly present throughout the patient’s illness, and were aggravated by coughing, sneez- 
ing and straining. Considerable relief was obtained by lying down. Two episodes of nausea 
and vomiting had been associated with the headache. 

Concurrent with the headaches, the patient became aware of an intermittent buzzing in 
his left ear associated with a gradual loss of hearing. Periodic attacks of “‘dizziness,”’ during 
which the patient would stagger and bump into objects, also were experienced. 

One month before examination the patient’s left arm tired easily and had become in- 
creasingly awkward. 

Neurologic Examination. Positive findings were sensory impairment on the left side of the 
face with decreased corneal reflex, slight weakness of the left facial muscles and minimal 
inco-ordination of the upper extremity and the presence of Babinski’s reflex on the left. 
Movements of eyes disclosed horizontal nystagmus, more marked to the left, with paresis of 
conjugate gaze to the left. Subacute edema of the ocular fundi (right 2 D., left 3 D.) was noted. 
Caloric stimulation was difficult to evaluate because of the marked spontaneous nystagmus. 

A diagnosis of tumor of the left cerebellopontine angle was made. 

Operation. Left suboccipital craniectomy was performed. After the dura mater had been 
opened, the cerebellum was retracted mesially. An acoustic neurofibroma, 8 by 5 cm., was 
found. Total removal was accomplished. After removal of the tumor the seventh cranial nerve 
appeared to be intact, and the dura mater was closed. The internal auditory meatus was not 
curetted. 

Course. The patient’s postoperative convalescence was uneventful. A postoperative periph- 
eral type of palsy of the seventh cranial nerve developed on the left. The patient was dis- 
missed on the 12th postoperative day. 

Four months later the patient returned for re-examination. He was found to have made an 
excellent recovery, except for the persistent deafness. The facial palsy on the left showed some 
abatement to clinical examination and to electromyographic tracings. 


Case 2.—A 14-year-old girl was first seen at the clinic in September, 1952. She complained 
mainly of loss of hearing in the left ear of 5 years’ duration, buzzing in the left ear for the 
same period, and twitching of the left eyelid of 2 years’ duration. Generalized headaches had 
been present for the year previous to her admission, associated with episodes of nausea and 
vomiting which had become more frequent in the last 6 months. Three weeks prior to ad- 
mission she had become aware of a loss of balance, difficulty in walking and inco-ordination 
of the left arm. She also had noticed some degree of double vision. 

Neurologic examination revealed horizontal nystagmus, more marked on gazing to the 
left, loss of hearing on the left graded —3 (0 normal; —4 complete deafness) and a decreased 
corneal sensation left (graded —3). 

In addition, hyporeflexia on the left, drooping of the left side of the face, marked inco- 
ordination of the left upper and lower extremities, ataxia and muscular hypotonicity on the 
left side were recorded. 

There was also swelling of the optic nerve heads (right 4 D., left 5 D.). The electro- 
encephalogram was reported as disclosing no abnormality. Roentgenograms of the skull 
showed slight erosion of the tip of the petrous ridge on the left, and decalcification of the floor 
of the sella (Fig. 1). 

In view of the clinical and radiologic findings, a diagnosis of tumor of the left cerebello- 
pontine angle was made. 
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Fic. 1. Case 2. (a) Roentgenogram made with the patient in the Towne position, to illustrate erosion 
of the left petrous ridge by a neurofibroma (neurilemmoma) of the left eighth cranial nerve in the cere- 
bellopontine angle; (b) anteroposterior roentgenogram. 


Operation. Left suboccipital craniectomy was performed. A typical acoustic neurofibroma 
was encountered occupying the entire right cerebellopontine angle. In view of the patient’s 
condition and the extent of the tumor a subtotal removal of the tumor was carried out. This 
seemed to be in the best interest of the patient under the existing conditions at the time of 
operation. 

Course. The postoperative recovery was uneventful. Examination at the time of dismissal 
revealed marked abatement of neurologic symptoms and the papilledema was subsiding. 

COMMENT 

It is apparent that acoustic neurofibromas are uncommon in children less than 
15 years of age. Two cases in which acoustic neurofibromas afflicted children 11 and 
14 years of age have been presented. The similarity of the clinical course of these 
tumors in children and adults is evident in these cases. 
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SPINOTHALAMIC TRACTOTOMY FOR INTRACTABLE ITCHING 


C. W. Taytor, M.D.* 
Division of Neurosurgery, Calgary General Hospital, Calgary, Alberta, Canada 


(Received for publication April 26, 1954) 


Will high section of the pain tract abolish intractable itching? In the light of our 
experience with one case we would say that the answer is “no.” 

Faced with this problem, I talked it over with Dr. K. G. McKenzie, who sug- 
gested consideration of a high pain tract section.' It was decided to try the operation 
on one side. If it proved helpful the second side could be done at a later date. It was 
argued that pain tract section abolished tickle sensation as well as the sensations of 
heat and cold and so might give a better result than a lobotomy. The result in our 
patient here has been a complete failure. Postoperatively the tickle element of light 
touch was indeed gone, but the patient continued to itch and excoriation continued 
relentlessly. The case is briefly recorded as it may be helpful to others faced with a 
similar but unusual neurosurgical problem. 


CASE REPORT 


Mr. A.M., aged 71, had suffered from a chronic erythematous skin eruption for many 
years. Itching had become intractable so that incessant scratching excoriated the skin over 
both arms and legs. Subacute infection was frequently superadded so that repeated hospital- 
izations had been necessary. As soon as he was discharged from hospital excoriation would 
again occur. He denied any other somatic complaints. There was no suggestion that he was 
psychotic. Because the situation was desperate, a neurosurgical opinion was sought. 

Operation. While awaiting a bed in the Calgary General Hospital he had a severe attack 
of herpes zoster involving the 2nd, 3rd and 4th sacral dermatomes on the left side, and he 
complained of severe pain in his left loin. For this reason we decided to cut the right spino- 
thalamic tract. This was done 5 mm. below the obex by means of an incision 4 mm. deep, 
placed between the rootlets of origin of the spinal accessory and hypoglossal nerves. 


* 410 Greyhound Bldg., Calgary, Alberta. 














pl 
th 
ap 
ite 
le 
te! 
lir 


sh 


Be 
CO 
pl 
fo 
so 


de 
on 
ce 


to 


th 


th 














FACIAL-SPINAL ACCESSORY NERVE ANASTOMOSIS 509 


Course. Immediately postoperatively his postherpetic pain was relieved and he had com- 
plete analgesia below the 2nd rib on the left side. Between this level and the lower border of 
the mandible anteriorly and the superior nuchal line posteriorly, there was some very patchy 
appreciation of a pin point as “a little sharp.” He denied that there was any change in his 
itching. 

Examined 3 months later, he still had complete analgesia below the level of the 2nd rib. 
Loss of appreciation of temperature was present below a level 3 cm. above the clavicle an- 
teriorly, and the 3rd cervical spinous process posteriorly. Between the 2nd rib and jaw-nuchal 
line level (including the entire left arm) pin prick was present in a patchy distribution and less 
sharp than on the sound side. Above this level it was normal. 

Light touch was unimpaired on the left side on testing with contact only (cotton wool). 
Below the jaw-nuchal line level, the “‘tickle’’ element of light stroking with cotton wool was 
completely absent. On the sound side the sole of the foot was extremely sensitive so that the 
plantar response was difficult to evaluate. On the left side one could scratch the sole of the 
foot without discomfort. He described the sensation in the right sole as “ticklish,” in the left 
sole as “ordinary touch.” 

There was now slight hyperactivity of the tendon jerks in the left lower limb. The ab- 
dominal reflexes were sluggish on the left side, and the plantar response, although downgoing 
on both sides, was less briskly so on the left side. The right heel-knee test manifested a mild 
cerebellar type of inco-ordination and his gait was a little unsteady. 

If anything, more excoriation of the skin was present on the left side than on the sound 
side. The only difference in the itching was that it was no longer on the surface. It seemed 
“deeper in,”’ which is perhaps why he now scratches harder on this side. His herpetic neuralgic 
pain has not recurred. 


SUMMARY 


A case of intractable itching is presented in which the “‘tickle” element of light 
touch was abolished by spinothalamic tractotomy in the medulla but the patient 
continued to itch. 


My thanks to Dr. A. S. Gelfand, whose patient this is, for his kind permission to record 
the case, and to Dr. K. G. McKenzie for his helpful criticism. 
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A TECHNIC FOR ANASTOMOSIS OF THE FACIAL NERVE AND 
SPINAL ACCESSORY NERVE 
Henprik J. Svien, M.D., anp ANDREW L. Karavitis, M.D. 
Section of Neurologic Surgery, Mayo Clinic, and Mayo Foundation,* 


Rochester, Minnesota 
(Received for publication April 30, 1954) 
The facial nerve emerges from the stylomastoid foramen, which lies medial to 


the mastoid process. Inasmuch as the sternocleidomastoid muscle has its origin from 
the mastoid process, this muscle covers the area of emergence of the facial nerve 





* The Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
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from the stylomastoid foramen (Fig. la). We have found that, on occasion, it is 
difficult to find the facial nerve as it emerges from its foramen. 
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Fic. 1. (a) Relationship of the facial nerve, as it emerges from the stylomastoid foramen, to the tip 
of the mastoid process and to the sternocleidomastoid process. (b) Sternocleidomastoid muscle has been 
sectioned and the lower third part of the mastoid process has been removed. (c) Proximal end of the spinal 
accessory nerve has been sutured to the peripheral end of the facial nerve. 


To expose the facial nerve more easily at its foramen, we have recently employed 
the following technic. 








TECHNIC 


The incision in the skin is carried back over the lower third part of the mastoid process to 
expose the origin of the sternocleidomastoid muscle. The short, tendinous origin of this 
muscle is sectioned, so that a cuff of tissue remains for resuture of the tendinous origin. The 
lower third part of the mastoid process is then freed of the attachment of the muscle, so that ij 
the tip of the mastoid is well exposed. With a rongeur, the lower third part of the mastoid 
process is removed (Fig. 1b). If mastoid air cells are entered, they are plugged with bone wax. 
When the lower third part of the mastoid process has been removed, the stylomastoid foramen 
is easily identified and the facial nerve is picked up as it emerges from this orifice. The facial 
nerve is sectioned close to the stylomastoid foramen (Fig. lc) and the anastomosis to the 
proximal stump of the sectioned spinal accessory nerve is completed in the usual manner. 
After completion of the anastomosis, the previously divided origin of the sternocleidomastoid 
muscle is resutured. 
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COMMENT 


We have employed this technic in the last 7 cases of total removal of acoustic 1 
neurinomas in which the facial nerve was sacrificed intracranially. We have found 
that it has greatly facilitated location of the facial nerve. Mastoid air cells were 
entered, but no complications have followed such an action. 
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GLOSSOPHARYNGEAL NEURALGIA ACCOMPANIED BY UNCONSCIOUSNESS* 


James L. Toomson, M.D.+ 
Norfolk, Virginia 


(Received for publication June 21, 1954) 


The purpose of this presentation is to discuss the diagnostic criteria of glosso- 
pharyngeal neuralgia and to emphasize the role of the syndrome that resembles 
that of the carotid sinus reflex, as seen in an occasional case. 

The syndrome of glossopharyngeal neuralgia was first described by Weisenburg"” 
in 1910 in a case of angle tumor pressing on the 9th cranial nerve. Ten years later 
Sicard and Robineau® reported 3 cases of glossopharyngeal neuralgia. During the 
following 7 years until 1927, 2 cases had been reported by Harris,’ 9 from the Mayo 
Clinic, and 2 by Dandy.* Adson! in 1924 presented a technique for peripheral nerve 
section in the neck for this nerve. He said that it was a difficult surgical procedure 
because of the anatomical position of the nerve. At the time he had explored the 
possibility of cutting the nerve intracranially, by cadaver dissection, illustrating the 
unilateral cerebellar approach. However in 1927 Dandy reported the first intracran- 
ial section of the nerve, when he operated upon 2 patients within 6 weeks’ time 
through a unilateral cerebellar craniectomy wound. Since then there have been 
many case reports illustrating the diagnostic and operative features of the disease. 

Glossopharyngeal neuralgia differs from trigeminal neuralgia (tic douloureux) 
only in the location of the pain. Both have characteristic locations of the sudden, 
severe, paroxysmal, lightning-like pain, frequently set off by external stimuli. Each 
generally occurs in middle to late life. It remains only to distinguish the location of 
the pain by taking a careful history to establish the correct diagnosis. However, 
occasionally the patient is unable to give an exact account of the pain either because 
of its severity or because of mental deficits, such as senility, low mentality, etc. As 
we all know, this pain is located in the glossopharyngeal region, back of the tongue 
or in the ear. Confusion in diagnosis should occur only when the most severe pain is 
located in front of the ear or seemingly within it. Then the differential diagnosis of 
neuralgia of the nervus intermedius (nerve of Wrisberg), or 3rd division tic must be 
made. Cocainization of the throat usually, but not always, abolishes the pain for 
some minutes and thus aids the diagnosis. 

Intracranial section of the 9th nerve alone generally relieves the pain entirely 
but if the ear pain is especially bad, section of the upper two filaments of the vagus 
should be done, which has been stressed by both Dandy and Spurling.® 

The resultant anesthesia is confined to the pharynx, nasopharynx, back of the 
tongue and tonsillar pillars. No motor deficit has been shown resulting from the para- 
lyzed stylopharyngeus muscle. 

A much less frequent involvement in the disease process is the resemblance to 
the syndrome of the hyperirritable carotid sinus. The carotid sinus receives its nerve 
supply from branches of the glossopharyngeal (nerve of Hering—an afferent branch), 


* Read at the annual meeting of the Southern Neurosurgical Society, Baltimore, Maryland, January 
29, 1954. 
7 405 Wainwright Bldg., Norfolk 10, Virginia. 
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vagus and sympathetic nerves. The nerve of Hering has been shown to be the de- 
pressor nerve from the sinus and the vagal branches respond to chemical stimuli, 
such as atropinization. Weiss" and associates worked out the carotid sinus syncope 
syndrome, describing three types: (1) vagal type, in which syncope results from 
cerebral anoxia caused by reflex cardiac asystole; (2) depressor type, in which syn- 
cope results from fall in blood pressure alone; and (3) cerebral type, in which syn- 
cope occurs without change in cardiac rate or blood pressure. When the neuralgic 
pain is unusually severe, bradycardia to asystole, hypotension, syncope and convul- 
sive movements may occur. This group of symptoms resembling those of the carotid 
sinus reflex is mediated through the afferent glossopharyngeal branches in the throat 
rather than from within the sinus (nerve of Hering). 

Following this work of Weiss, reports of intracranial section of the 9th nerve for 
hyperirritable carotid sinus reflex have appeared and the results are quite satisfac- 
tory. 

Syncope and cardiac arrest associated with glossopharyngeal neuralgia were 
first referred to by Riley and associates® in 1942, but no operation was performed. 
In 1948 Ray and Stewart* reported a similar case and referred to another of Brow- 
der’s which had been seen but not reported. Ray’s patient was completely relieved 
by intracranial section of the 9th nerve. 

In 1950 Roulhac and Levy’ were the first to note convulsive seizures associated 
with glossopharyngeal neuralgia. The patient was a 72-year-old white woman with a 
20-month history of typical pain in the left side of her throat. Three weeks previous 
to admission, she began having convulsive movements shortly after the onset of a 
paroxysm of throat pain. There was twitching of the mouth, with clonic movements 
of the arms and upward deviation of the eyes. These would last only a few seconds. 
She was put on Phenobarbital and Dilantin, and improved to such a degree that the 
‘arotid sinus reflex element of the neuralgia was almost missed. She was discharged 
and 10 days later was readmitted, having many more paroxysms of pain with an 
increased number of convulsions. Then an electrocardiogram was done demon- 
strating asystole. The left glossopharyngeal and upper two filaments of the vagus 
nerve were sectioned intracranially with prompt and complete relief of the pain and 
convulsions. Roulhac and Levy believed that the syncope and convulsions occurred 
from afferent stimuli arising in the glossopharyngeal nerve rather than the carotid 
sinus, the mechanism being bradycardia with a fall in systemic blood pressure and 
cerebral anoxemia (Weiss—vagal group classification). 

Richburg and Kern® in 1953 reported a similar case. The patient was a Texas 
farmer, who had severe throat pain with frequent attacks of asystole, syncope and 
convulsions. The sinus syndrome was relieved by administration of atropine. Intra- 
cranial section of the 9th nerve and upper two filaments of the vagus nerve gave per- 
manent relief of the entire syndrome. 

The present report concerns another case of glossopharyngeal neuralgia associ- 
ated with convulsions but without asystole or fall in blood pressure, which was initi- 
ally mistaken for tic douloureux of the 3rd division of the left 5th cranial nerve. Tem- 
poral preganglionic subtotal sensory neurectomy was done without relief. The true 
nature of the pain was later recognized, and the 9th nerve was cut intracranially 
with prompt relief of all symptoms. 


CASE REPORT 


Case #11914-52. A 67-year-old colored woman was referred stating that for 3 months she 
had had intermittent, excruciating pain in the left side of the face. It would sometimes appear 
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by talking, eating, coughing, or drinking cold water. It seemed to be intense in front of the 
ear and involve the lower portion of the cheek and jaw. There was a second-degree burn on the 
left cheek from using heat. Also she had lost a great deal of weight, being afraid to eat because 
of fear of onset of pain. No further history could be obtained from the patient on repeated 
questioning and this was fragmentary, as the attacks of pain were so close together and she 
cooperated very poorly. When attempting to talk she would stop quickly, having a severe 
paroxysm of pain lasting 10 to 30 seconds. At one time she would point to the angle of the 
jaw, and again would hold the chin region. At other times she complained of the ear hurting. 
Similarly stroking the jaw region would give the impression of producing a pain, but the 
paroxysms were so frequent that it was uncertain that a trigger zone existed. The tonsillar 
and posterior tongue regions were stimulated without positive information. 

Examination. The patient was of average size. B.P. was 130/88. On the left cheek at the 
angle of the jaw was a burn, 3 cm. in diameter, which was healing. The nasopharynx and ears 
showed no pathology. Both lung fields were clear and no enlargement of the heart was found. 
The heart rate and sounds were normal. Abdominal and pelvic examinations were negative. 
Neurological findings were normal excepting for the appearance of severe pain. 

The blood showed 11.4 gm. of hb., 6,100 WBC, sedimentation rate of 24, negative Wasser- 
mann, fasting blood sugar of 125 mg. per cent, N.P.N. of 27, and alkaline phosphatase of 1.7 
units. Urine was normal. Roentgenograms of skull, cervical spine and temporomandibular 
joint were normal. 

1st Operation. Temporal preganglionic sensory neurectomy of the lower two thirds of the 
left 5th cranial nerve was done under intratracheal anesthesia 3 days after admission. 

Course. When the patient had reacted well from the anesthesia she complained of the same 
pain and exhibited the same type of behavior toward it. During the next 3 days the paroxysms 
were more frequent, and severe. She now refused to eat because of precipitating an attack. 

On the 4th postoperative day, while observing an attack of very severe pain, vision sud- 
denly became fixed, her head dropped forward, and unconsciousness ensued with strong tonic- 
clonic movements of the head, upper extremities and, to lesser degree, of the legs. These 
movements lasted 10 to 15 seconds, stopped, and she quickly regained consciousness being 
momentarily free of pain and well oriented. During several similar episodes of unconsciousness 
the pulse remained strong with the rate not being reduced more than 20 beats per minute 
(not less than 60 per minute), and the blood pressure remained above 120/70. The naso- 
pharynx was cocainized thoroughly but the paroxysms of pain would continue with and 
without external stimulation. 

A nose and throat consultation was obtained but examination failed to demonstrate naso- 
pharyngeal pathology or a trigger zone in the pharyngeal region. A diagnostic pneumoen- 
cephalogram was done 7 days postoperatively and appeared normal. 

2nd Operation. Five days later the left glossopharyngeal and upper two filaments of the 
vagus nerve were sectioned under intratracheal anesthesia through a unilateral cerebellar 
craniectomy approach. 

Course. On awakening from this procedure she was free of pain and no further convulsive 
movements occurred. B.P. remained at the preoperative level of 130/80, convalescence was 
satisfactory, and she was discharged symptom-free 8 days later. When last seen the following 
month, she had had no return of the pain. 


COMMENT 


This case is unusual in that there was no appreciable change in heart rate or 
blood pressure during the carotid sinus syndrome period of the pain. It would cor- 
respond to the cerebral type of Weiss. Pressure on each carotid sinus before and after 
operation had no effect on the carotid sinus reflex syndrome. Certainly this woman’s 
pain reflex was mediated in the throat, and by excessive stimuli through the afferent 
glossopharyngeal nerve caused the convulsive phenomenon, similar to that which 
would be initiated through a hyperirritable carotid sinus. 
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A CLAMP FOR TEMPORARILY OCCLUDING SMALL BLOOD VESSELS 


SAMUEL P. W. Buack, M.D., anp Witu1AM J. German, M.D. 
Department of Surgery, Yale University School of Medicine, New Haven, Connecticut 


(Received for publication June 24, 1954) 


A small, light, and effective artery clamp may be adapted from an inexpensive 
electrical test clip* (Fig. 1). Historically, this type of artery clamp, a small spring 
forceps also known as a “bulldog”’ or “‘serre fine,” dates from about the middle of the 
nineteenth century and has changed but little in form since that time.' It was not un- 
til the advent of aseptic surgery at a somewhat later date, however, that it became 
possible to occlude a blood vessel temporarily while a procedure was performed upon 
it with routine success in re-establishing its continuity and patency.** Concomitant 
with this achievement the artery clamp, of which the spring forceps is but one type, 

‘ame to assume its present importance. There are now many forms of artery clamps 
available commercially, and DiPalma? has devised a method of making a small ar- 
tery clip from a safety pin. 

The clamp presented herein is made of phosphor-bronze and weighs 2 gm. It takes a high 
polish and may easily be filed free of sharp edges. The instrument is small enough to be applied 
to a blood vessel by means of a silver-clip applicator, which, when placed on the “catch,” 
allows the operator to position the clamp about the vessel with accuracy and relative ease 
before allowing it to close (Fig. 2). It can occlude any artery caught completely between its 
jaws, which are smooth enough to be applied directly to the vessel if so desired. Should too 
strong a pressure be exerted the spring can be forced together; or, if the jaws exert too weak a 
pressure, this may be altered by forcibly separating the spring. Removal of the small screw at 
one end of the clamp allows the position of the instrument to be controlled by means of a 
thread placed through the opening thus made. 


* Termed “Wee-Pee-Wee” clip by the manufacturers, The Mueller Electric Company, Cleveland, 
Ohio. 
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This clamp has been found to have a definite clinical and laboratory usefulness. 

It has been employed to occlude temporarily the anterior cerebral artery and the 

middle cerebral artery of man during aneurysmorrhaphy. For that purpose the 

jaws are rubber-shod and their grip upon the artery is relaxed at appropriate inter- 

vals without unseating the instrument from its position in the wound. In the experi- 

mental laboratory it can occlude the femoral or carotid artery of an animal as large 

as a dog weighing 15 kg. In general it effectively serves the many functions of a 
“bulldog” within the limitations of its size and weight. 
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NOTICES 
CONGRESS OF NEUROLOGICAL SURGEONS 


The next meeting of the Congress of Neurological Surgeons will be held at the 
Waldorf Astoria Hotel in New York City, November 4, 5 and 6, 1954. 

Dr. Kenneth McKenzie of Toronto will be the honored guest and deliver papers 
titled “Brain Tumor with Special Reference to Acoustic Neuroma and Benign 
Gliomas”’; “Experiences with Sympathectomy for Vascular Hypertension and Leu- 
kotomy for Mental Disturbance”; and “Spasmotic Torticolis, Méniére’s Syndrome 
and Results Following Tractotomy for Trigeminal Neuralgia.” 

Symposiums on Cervical Trauma by Dr. Frank Mayfield, Cincinnati, and Dr. 
Howard Rusk, New York City, will be followed by a panel discussion with Dr. 
Thomas Hoen, Dr. K. G. McKenzie, Dr Francis Grant, Dr. J. Lawrence Pool, 
Dr. I. M. Tarlov, Dr. Bronson Ray, Dr. John E. Searff, Dr. L. M. Davidoff, Dr. 
Lester Mount, Dr. Jefferson Browder, and Dr. C. G. de Gutiérrez-Mahoney. 

A panel discussion on the Medicolegal Aspects of Head Injuries will be mod- 
erated by Dr. A. Earl Walker of Johns Hopkins University and will include Dr. 
William Caveness, Dean Roscoe L. Barrow of the University of Cincinnati College 
of Law, and Mr. W. Scott Allan of the Liberty Mutual Insurance Company. 


MONTREAL NEUROLOGICAL INSTITUTE 


The Montreal Neurological Institute of McGill University has announced the 
following staff reorganization: 

Dr. Theodore Rasmussen, recently Professor of Neurological Surgery at the 
University of Chicago, has joined the staff as Neurosurgeon and Professor of Neurol- 
ogy and Neurosurgery to undertake supervision of teaching and research. 

Dr. Wilder Penfield continues as Director of the Institute and Chairman of the 
Department of Neurology and Neurosurgery in the Faculty of Medicine of McGill 
University. 

The Institute laboratories will continue to be directed as follows: Dr. William 
Cone, Surgical Neuropathology; Dr. K. A. C. Elliott, Neurochemistry; Dr. Herbert 
Jasper, Neurophysiology; Drs. Francis McNaughton and George Olszewski, Neuro- 
anatomy and Medical Neuropathology. 

Direction of the clinical departments is as follows: Dr. William Cone, Neuro- 
surgeon-in-Chief and Professor of Neurosurgery; Dr. Francis McNaughton, Neurol- 
ogist-in-Chief and Associate Professor of Neurology; Dr. Arthur Elvidge, Associate 
Neurosurgeon and Assistant Professor of Neurosurgery; Dr. Preston Robb, As- 
sistant Director (Hospitalization) and Assistant Professor of Neurology; Dr. Her- 
bert Jasper, Electroencephalographer and Professor of Experimental Neurology: 
Dr. Donald McRae, Neuroradiologist and Assistant Professor of Neurological Ra- 
diology. 

The Laboratory for Research in Multiple Sclerosis, started by Dr. Roy Swank, 
will be continued under the direction of Dr. J. B. R. Cosgrove. 


NEUROSURGICAL SOCIETY OF AMERICA 


The 7th annual meeting of the Neurosurgical Society of America was held at 
Grand Hotel, Mackinac Island, Michigan, July 21-24, 1954. 

The officers elected are as follows: President, Everett F. Hurteau; Vice-Presi- 
dent, Collin S. MacCarty; Vice-President, George Ehni; Secretary, Lester A. 
Mount; and Treasurer, I. Joshua Speigel. 

The next meeting will be held at Del Monte Lodge, Pebble Beach, California, 
March 16-19, 1955. The meeting is intended for the members and invited guests. 
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SPINAL CORD INJURIES 


A REVIEW OF THE EARLY TREATMENT IN 300 CONSECUTIVE 
CASES DURING THE KOREAN CONFLICT 
MAJOR GORDON T. WANNAMAKER, M.C., U.S.A.* 
Section of Neurological Surgery, Tokyo Army Hospital, Tokyo, Japan 


(Received for publication June 17, 1954) 


patients with spinal injuries at the Tokyo Army Hospital from Sep- 

tember 1950 to May 1952.7 Of these patients 254 were United Nations 
battle casualties from Korea with penetrating wounds of or about the verte- 
bral column with neurological involvement (Table 1). The remaining 46 had 
closed injuries similar to those encountered in civilian localities (Table 1). 
All statistics herein presented were compiled in Tokyo and include a few 
casualties from Korea that were not treated at mobile neurosurgical units as 
well as some casualties from accidents in Japan. The patients who died in 
Korea on the battlefield or at medical installations there are not included. 


TABLE 1 
Vertebral level and type of injury 


Tin report is based on the early phases of treatment of 300 consecutive 





Level Penetrating Wounds Closed Injuries 








Cervical 36 19 

Thoracic 135 17 

Lumbar i 74 10 

Sacral 9 0 

Total 254 46 
TREATMENT 


The aim of treatment during this early phase of paraplegic care (average 
4—6 weeks) was to salvage as much neurological function as possible and to 
prevent the formation of decubitus ulcers and other complications that may 
retard a rehabilitation program. The mortality rate in this series was 1 per 
cent. 

As soon as the patient reached an equipped medical facility a complete 
physical examination was done, as penetrating wounds of the spinal cord 


* Present address: Department of Neurosurgery, Yale University School of Medicine, New Haven, 
Connecticut. 

+ The following officers were associated with the author in the care of the casualties on which this 
report is based: Lt. Col. Arnold M. Meirowsky, M.C., Neurosurgical Consultant, Far East Command, 
Samuel Atkins, Joseph C. Barnett, Edward J. Bishop, Robert A. Clark, Philip R. Dodge, Griffith R. 
Harsh, III, George J. Hayes, Milan Leavens, John B. Moyar, Jose Ninecurt, Richard R. Patterson and 
Paul R. Rosenbluth. 
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were frequently associated with damage to additional areas. Of the 254 pa- 
tients with penetrating wounds of the spine 87 (34.25 per cent) had asso- 
ciated chest wounds with hemothorax and/or pneumothorax, 23 (9.05 per 
cent) had bowel perforations requiring colostomy, 11 (4.33 per cent) had 
retroperitoneal hematomas without bowel perforations, 10 (3.93 per cent) 
had perforations of the liver, and 9 (3.54 per cent) had lacerations of the 
kidney requiring unilateral nephrectomies. Other associated injuries and 
complications were also present, bringing the total to 194 associated injuries 
in 164 of the 254 patients who had penetrating wounds of the spine. It is to 
be noted that some patients had multiple associated injuries. Some of the 
complications were discovered at a later date, showing the value of an initial 
and repeated physical examination at frequent intervals. While an injury 
‘ausing compression of the spinal cord may be considered a surgical emer- 
gency, other procedures of a life-saving nature take precedent, and laminec- 
tomy may of necessity be delayed several days. 

With few modifications the patients in this series received the same treat- 
ment as was advocated by many neurosurgeons towards the end of World 
War I1.4:67-11-215 Tn addition to performing laminectomies on all patients 
with penetrating wounds of the spine, early laminectomies in all cases of 
closed injuries with fracture-dislocation were also done. Decubitus ulcers 
were prevented by turning the patient every 2 hours, either by using the 
double-litter method!:* or the Stryker frame. This turning was also continued 
during air evacuation of the patient back to his homeland. No suprapubic 
cystostomies were done. Dietary restrictions were practically eliminated by 
starting early ambulation.’ Most all of the patients with thoracic or lumbar 
injuries were fitted with metal long back-braces and started on a sitting-up 
program on the 10th postoperative day. Plaster of Paris or body casts of 
other material were not used because they were not deemed necessary for 
stability and their presence would have made temperature regulation and 
skin care practically impossible. Whole blood transfusions were given when 
indicated and no blood substitutes such as plasma were used. The availa- 
bility of the newer mycin antibiotics and the disc method of culture and sen- 
sitivity studies made the treatment of infections much easier than in previ- 
ous wars. We encountered practically no difficulty with wound healing or in- 
fection in those patients who received initial debridement, laminectomy and 
primary closure of the wound, even at 48~72 hours after injury. Bladder in- 
fections were the exception rather than a common finding. The McKenna 
type of tidal drainage apparatus was used.* At times a chest tap for evacua- 
tion of a hemathorax or pneumothorax would be followed immediately by a 
laminectomy. 


NEUROSURGICAL INTERVENTION 


It may be seen in Table 2 that of the 249 patients with penetrating 
wounds who nad laminectomies, only 44 (17.67 per cent) were operated upon 
within 24 hours of injury. Of the patients with closed injuries, 17 (56.66 per 
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SPINAL CORD INJURIES 
TABLE 2 


Time interval from injury to laminectomy 


Time Interval Penetrating Wounds Closed Injuries 
Within 24 hrs. 44 17 
Over 24 hrs. 205 13 
Total laminectomies 249 30 
No laminectomy 5 16 
Total cases 254 16 


cent) of the 30 operated upon had immediate laminectomies. These are over- 
all statistics for the entire period covered in this report. Had neurosurgical 
teams reached more of the patients on the day of injury, their general condi- 
tion permitting, the incidence of immediate laminectomies would have been 
higher. There were 21 patients (Table 2) who did not receive surgery. These 
were cases in which roentgenograms revealed no bony damage of the spinal 
canal. Most of these patients initially exhibited evidence of spinal cord dam- 
age (concussion) with transitory loss of function followed by remission of 
symptoms. Spinal manometrics were normal in all these cases. Two pa- 
tients with fractures of the transverse processes who were treated by tongs 
and traction only had negative myelograms and persistent neurological defi- 
cit (Table 4). At times, because of the large influx of casualties, serious pene- 
trating wounds of the brain were given surgical priority over spinal cord in- 
juries, particularly those below the cervical region. In general, spinal cord 
injuries were considered surgical emergencies and laminectomies were done _ 
immediately. In cases of closed injuries perhaps this was a departure from 
some of the current concepts of management, particularly in regard to cervi- 
cal cord injuries.?:*:!° 

In this series, believing that the time element was of considerable impor- 
tance, immediate laminectomy was deemed advisable prior to attempts to 
correct the bony deformity. Also, before doing a surgical decompression in 
the presence of a fracture-dislocation it seemed hazardous to the neural ele- 


TABLE 3 


Summary of results of treatment in all cases 


Results Pengtrating Wounds Closed Injuries 





Improved 121 (25 complete recovery) 26 (8 complete recovery) 
Unimproved 130 20 
Death* 3 0 


Total 254 46 





* Cause of death: (1) Pulmonary infarct; (2) ascending arachnoiditis; (3) bilateral kidney lesions. 
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ments to perform manipulations of the surrounding bone either manually" 
or by extending the manipulation over a longer period of time, as by trac- 
tion. From this series of 279 laminectomies with no immediate operative 
deaths (Table 3) it would seem that the risk of a laminectomy is small and in 
careful hands may prove quite rewarding, as shown in Case 1 below. 

Case 1 illustrates the procedure of evaluation of a closed cervical cord 
injury during the time of this report. The same technique was also used with 
the substitution of the double-litter turning method by the teams in Korea. 


Case 1. Fracture-dislocation of C4-5. Immediate laminectomy. Regain of function. 

A 21-year-old, white male private was brought in on a litter 2 hours after he had 
been injured in an automobile accident in Tokyo. 

Examination in the emergency room disclosed loss of motor function below C5, 
and a sensory level complete at C7 and below, with partial involvement of C5 and 
C6. There was contusion of the scalp in the occipital area. Respiration was by 
diaphragm only. Ileus and abdominal distension were present. A #16 French Foley 
catheter was inserted into the bladder and specimens were saved for culture and 
urinalysis. Because of the ileus and distended stomach a Levin tube was inserted 
into the stomach for deflation. The airway proved to be adequate. The patient 
was then placed face-up on a Stryker frame" padded with five pillows laid crossways. 
An x-ray plate was slipped under the neck and upper chest by depressing the pillows 
and an A.P. film was taken. The top of the Stryker frame was then attached and 
the patient was turned face-down. Examination on the dorsal aspect of the patient 
was then completed. In this position a lateral x-ray of the cervical spine was taken 
with a portable machine. The wet films revealed a fracture-dislocation of C4—5 with 
obvious narrowing of the vertebral canal. Blood count, urinalysis, and cross match- 
ing of blood were in the meantime performed. 

Course. The patient was taken to the operating room (remaining in the face- 
down position on the Stryker frame). No preoperative medication other than sodium 
luminal gr. 2 intramuscularly was given. 

Operation. A wide decompression laminectomy of C3, C4, and C5 was performed 
under local anesthesia. The Stryker frame was used in lieu of an operating table. 
There was a bilateral fracture of the facets between C4 and C5; the laminae, how- 
ever, were intact. The dura mater was opened and the cord was found to be grossly 
intact with increased vascularity of the subpial vessels. There was marked angula- 
tion of the cord caused by deformity, and several dentate ligaments were therefore 
sectioned bilaterally.!° The laceration in the left occipital region was debrided and 
closed. Crutchfield tongs with 15 lbs. traction were then applied. 

Postoperatively the patient regained normal sensation and the ability to void 
without residual, but generalized weakness persisted for the few weeks he was ob- 
served after operation. The strength in the lower extremities was greater than that 
in the upper extremities. 


RESULTS 


Cervical injuries (Table 4) accounted for 55 cases (18.33 per cent of the 
300 cases in this series). It has been previously stated by some authorities 
that in cases of acute closed injuries of the cervical spinal cord a complete 
loss of motor and sensory function is a contra-indication for immediate 
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SPINAL CORD INJURIES 
TABLE 4 


Treatment and results of cervical cord injuries* 
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. ; Me ie | NoSu y L tomy 
Neurological Deficit | Type of | No. of | eee einai: Only 
on Admission | Injury | Patients er — 
vu No U | No | U 
|" | Imp. |Defi-| "| Imp. |Defi-| .~"” | Imp. 
| imp. | cit. | UmP- | cit. | IMP. 
Transitory long-tract | Closed 6 | | $ 
signs or nerve root | Pent. 2 2 
involvement 
Partial lesion | Closed 4 | 1 1 1 1 
| Pent. 14 10 4 
Complete loss of func- | Closed 9 3 4 2 
tion below level of | Pent. 20 7 12 1 
injury 
Total 55 0 1 6 10 27 5 2 1 





*In Tables 4-7, Unimp.=unimproved; Imp.=improved; No deficit=no residual neuro 
deficit, complete recovery. 


laminectomy. In this series there were 9 patients with cervical spine 


Treatment, and Results on Evacuation from Tokyo 
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the level of injury. Of these, 7 had laminectomies. The remaining 2 were 
TABLE 5 
Treatment and results of thoracic cord injuries 
| Treatment, and Results on Evacuation 
from Tokyo 
Neurological Deficit Type of He. of No Surgery | Laminectomy 
on Admission Injury | Patients | = a = 
| No No 
| Unimp.| Imp. Deficit Unimp. | Imp. | Deficit 
Transitory long-tract signs or | Closed | 3 3 
nerve root involvement | Pent. 2 2 
Partial lesion Closed | 2 | 1 1 
| Pent. 10 | | | 8 2 
Complete loss of function be- | Closed 3 | | 1 2 
low level of injury Pent. | 107 | 1* | 96 9 1 
| 1 | 0 5 98 20 3 


Total 127 





* Negative myelogram and no fracture on X-ray. 
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TABLE 6 
Treatment and results of lumbar cord or conus injury 
Treatment, and Results on Evacuation 
from Tokyo 
Neurological Deficit Type of No. of No Surgery eae 
on Admission Injury | Patients é ‘ 
Uni I No Unj I No 
nimp. Imp. | peg eit | Unimp. MP. | efit 
Transitory long-tract signs or | Closed | 1 
nerve root involvement Pent. 0 
Partial lesion Closed 6 6 
Pent. 1+ 12 2 
Complete loss of function be- | Closed 7 t 2 l 
low level of injury Pent. 19 16 2 1 
Total 47 0 0 1 20 | @ + 


treated with tongs and traction only. Four of the 7 who had laminectomies 
showed improvement of the immediately adjacent cervical nerve roots and 
the long tracts of the spinal cord: 

1. C4—C5 fracture-dislocation (Case 1 above). Regained normal sensa- 
tion and ability to void but generalized weakness persisted for the few weeks 
he was observed postoperatively. 

2. Compression fracture C5. Immediate operation with marked motor 
and sensory improvement to T4. 

3. Compression fracture-dislocation of C5—C6 with postoperative regain 
of partial function of all dermatomes and myotomes. 

4. Compression fracture C4—C5 with signs of regaining sensation all the 
way down plus ability to move upper extremities. 

The patients with penetrating wounds of the cervical spine showed an 
even brighter picture. All 20 of those patients who had complete loss of 
motor and sensory function below the level of injury were operated upon and 
13 showed improvement. One patient was ambulatory with slight weakness 
in the legs 3 weeks after injury. Even in the patients in whom no improve- 
ment was noted in the long tracts of the spinal cord, laminectomies and de- 
compression of involved nerve roots in the cervical region frequently lowered 
the dermatome level by one or two segments. This allowed the patient some 
or better use of his upper extremities. While this series is too small to make 
any definite conclusion it appears to indicate that by an immediate laminec- 
tomy some patients may be saved from a life of quadriplegia. There were no 
operative mortalities among the 42 cervical laminectomies of this series. 

Thoracic injuries (Table 5) accounted for 127 cases (42.33 per cent). 
These wounds were frequently associated with concomitant lesions in the 
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TABLE 7 


Treatment and results of cauda equina injuries* 


Treatment, and Results on Evacuation 
from Tokyo 


Neurological Deficit | Type of | No. of 


=e : A No Surgery Laminectomy 
on Admission Injury | Patients ee ry : 7 wormed 
U : I No. Uni I No 
nimp.| Imp. yy ,¢-i¢ | Unimp. MP. Deficit 
Transitory long-tract signs or | Closed 0 
nerve root involvement Pent. 0 
Partial lesion Closed $ 1 1 1 l 
Pent. 23 1 15 7 
Complete loss of function be- | Closed 1 1 
low level of injury Pent. 43 20 20 3 


Total 71 0 0 1 23 36 11 


* Cauda equina without cord or conus involvement. 


thoracic and abdominal cavities, often necessitating a delay in laminectomy. 
To my knowledge none of these patients was wearing one of the armored 
vests which were issued during the later stages of the Korean conflict. Per- 
haps the delay in performing the laminectomies on 109 patients who had 
complete motor and sensory loss is one of the reasons why only 12 (11.01 per 
cent) showed postoperative improvement. The above is in contradistinction 
to the 27 cervical laminectomies (Table 4) on patients with complete loss of 
function below the level of injury of whom 17 (62.96 per cent) showed post- 
operative improvement in neurological function. 

Lumbar cord-conus injuries (Table 6) accounted for 47 cases (15.66 per 
cent). All except 1 patient in this group had a laminectomy. Of the 26 pa- 
tients who had a complete loss of neurological function prior to laminectomy 
only 6 (23.07 per cent) showed postoperative improvement. 

Cauda equina injuries (Table 7) represented 71 cases (23.66 per cent) of 
the series. All except 1 of the 4 patients who had a closed injury with partial 
deficit and negative myelogram received laminectomy. Of the 44 patients 
who had complete loss of neurological function below the level of injury 2° 
(52.22 per cent) showed improvement during the postoperative stay in To- 
kyo. Three were ambulatory. 

A survey of the over-all results of treatment of patients with a complete 
neurological deficit below the level of injury shows that improvement during 
the immediate postoperative period was best in the group of cervical cord 
injuries. This was followed in order by cauda equina, lumbar cord-conus, 
and thoracic groups. No doubt the eventual recovery over a longer period of 
time would be best in the cauda equina group. 
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Factors in Mortality. While it has been stated above that there were no 
deaths in this series immediately attributable to the performing of a laminec- 
tomy, there were 3 patients who died during the course of hospital treatment 
and their deaths must be considered as operative mortalities. Their causes 
of death as determined by autopsy were: 

1. Pulmonary infarct 24 days after laminectomy in a patient who had a 
penetrating wound of the spine at T12-L1 and multiple wounds of the back 
and arm with fracture of the left humerus. 

2. Ascending adhesive arachnoiditis with respiratory paralysis 1 month 
after penetrating wound of the spine at T2. 

3. Bilateral kidney damage requiring the removal of one kidney with 
uremia 53 months after sustaining a penetrating wound of the abdomen and 
spinal canal at T12-L1. 


SUMMARY 


A series of 300 consecutive patients with spinal cord injuries admitted to 
the Tokvo Army Hospital from September 1950 to May 1952 are evaluated. 
The over-all mortality in this series was 1.0 per cent. 
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tebral discs have cast a pall over those attempting surgery for the re- 

lief of this disorder. Unfortunately, laminectomy or attempts at re- 
moval of the protruding ridge at the intervertebral space have been made 
hazardous by a combination of factors. These include advanced alterations 
in the spinal cord caused by prolonged compression of the tissue or of its 
blood supply. The anatomical disadvantages facing the surgeon when operat- 
ing in the narrowest portion of the spinal canal make the cord unusually vul- 
nerable to the slightest untoward manipulation. The only reports bearing a 
note of optimism are those of Love and Kiefer® and Logue.* While confirm- 
ing the gravity of the problem, they nonetheless indicated that it was possi- 
ble to make an accurate pre-operative diagnosis and to operate successfully 
on a significant number of these patients. 

In the cases presented herein, a variety of abdominal complaints, back 
pains and obscure neuralgias beclouded the actual pathology. A neurogenic 
etiology was considered as a last resort only after pyelograms, gastro-intes- 
tinal and gallbladder series failed to aid in establishing a diagnosis. At times, 
minor alterations in the uterus or in other organs were seized upon and un- 
necessary surgical procedures performed. This occurred in 2 of the cases and 
was only narrowly averted in a third. 

It is understandable why a lesion of the intervertebral dise can be over- 
looked since even a careful neurological examination may disclose only the 
slightest deviation from normal. Most important is the awareness of the pos- 
sibility of nerve root compression in the thoracic region despite the absence 
of gross neurological deficit. In this regard, it is mandatory to make a care- 
ful examination of the spine roentgenographically and to perform myelo- 
graphy when the situation is of sufficient gravity to justify this procedure. If 


Ts grave sequelae following operations on protruded thoracic interver- 





* Presented before the New York Society of Neurosurgery, April, 1954. 
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the diagnosis can be established before signs of cord compression occur, 
operative results should improve. Surgery will not be made overly hazardous 
because of insurmountable tissue alterations or jeopardized by an irreparably 
injured spinal cord. A similar pattern has evolved in the surgery of the cervi- 
cal intervertebral disc and it is anticipated that a more optimistic future lies 
ahead in the treatment of the same problem in the thoracic spine. 

In 3 of the following cases early evidence of nerve root compression by a 
protruding intervertebral dic was the most conspicuous and disabling symp- 
tom. All patients were benefited by surgery, to a gratifving degree when 
‘radicular symptoms were the dominant factor. Signs of compression of the 
spinal cord were minimal and reversible in 2 of this group. In a fourth pa- 
tient, pain was completely absent, the primary alteration occurring in the 
spinal cord. In this patient, while permanent damage to the cord exists, im- 
provement has made it possible for him to resume satisfactory gainful em- 
ployment. 

CASE REPORTS 

Case 1. B.O., a 55-year-old housewife, complained of painful, disagreeable sensa- 
tions over the skin covering the lower abdomen on the right side for the past 15 
months. This later became deep and boring in character, at times sharp and crush- 
ing. The pain was spontaneous in onset, appeared intermittently at first but soon 
became constant. Pain increased in intensity to the point of total incapacitation. 
There was no weakness or numbness, and there were no alterations in sphincteric 
function. Straining did not alter the character of her symptoms but movement 
such as turning in bed did. 

A benign pericardial cyst was discovered on routine chest films and 5 months 
after the onset of her symptoms a left thoracotomy was performed with the removal 
of the 6th rib. Following this procedure, vague pain and discomfort were appreciated 
in the area of distribution of the intercostal nerves sectioned at operation. There 
was no relief of her presenting complaints. Repeated gastro-intestinal series, gall- 
bladder studies and intravenous pyelography were negative. 

Neurological Examination. She was an unusually tense and anxious woman com- 
plaining of severe pain on the right side extending from the upper lumbar region 
anteriorly to her lower abdomen, radicular in character. A band of hyperalgesia 
could be defined over the course of the 11th and 12th thoracic nerves both dorsally 
and ventrally on the right side. There was anesthesia over a band of skin in the left 
thoraco-abdominal region conforming to the area denervated by interruption of the 
intercostal nerves at thoracotomy. 

Roentgenograms of the entire spine were negative. Lumbar puncture disclosed 
normal CSF pressure and manometries. The spinal fluid was clear and colorless with 
a protein content of 50 mg. per cent. The cell count was normal. Myelography dis- 
closed a constant defect in the column of oil at the thoracic 11-12 interspace (Fig. 
1A). With increasing the tilt of the table, oil flowed by the defect in a narrow stream 
on the left side only. The diagnosis of an extradural tumor was made, possibly a 
neurofibroma of the 11th thoracic nerve. 

Operation, Nov. 15, 1952. Laminectomy of thoracic vertebrae 11 and 12 was per- 
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formed. The dura mater was opened, disclosing a conspicuous hump in the cord 
caused by a mass anterior and lateral to the dural sac on the right side. It was 
rubbery in consistency and was exposed by turning the dural retention sutures to 
the left with gentle retraction on the dural envelope. The lesion consisted of a pro- 
truding disc causing the annulus to bulge prominently, fragmenting its fibers and 
leaving degenerated disc tissue apparent at the surface. The break was enlarged and 
all abnormal disc tissue was removed. Remnants of the annulus and the bony spurs 
at the vertebral margins were bitten away and the area was leveled. The dorsal 
fibers of the involved nerve were then sectioned intradurally. 

Postoperative Course. The patient was considerably improved and left the hospi- 
tal 12 days after operation. 





Fic. 1. (A) Case 1. Myelographic defect at the T11-12 interspace. (B) Case 2. Defect at T12-L1 
interspace. Compare with full contours of column at the upper two interspaces. (C) Case 4. Defect at 
T11-12 interspace. 


Subsequently, she has complained of girdle-like, pressing pains on the left side 
across the lower thorax and beneath her breast. Similar pain, although of lesser 
intensity, appeared later on the right side as well. Pain followed the course of the 
intercostal nerve previously sectioned. The intercostal neuralgia has proven intrac- 
able to all measures and has persisted in an extremely disturbing degree. There has 
been no evidence of return of symptoms in the lower abdomen on the right side. 


Case 2. F.R., a 30-year-old woman clerk, complained of intermittent pain in the 
right lower quadrant of her abdomen for the past 3 years. Pain was most severe dur- 
ing her menstrual periods and at the time of ovulation. One and one-half years after 
onset the pain had increased in intensity and involved the right lumbar region, from 
which it spread into the right lower abdomen and down the anterior and medial 
aspect of her thigh in a radicular pattern. It was described as “burning” and “‘push- 
ing,” appearing either as severe spasms or as a constant sensation. While not pre- 
cipitated by straining, effort of this type aggravated pre-existing discomfort. She 
complained of occasional numbness in the right groin and in the right side of her 
vagina, as well as of unusual sensitivity of the skin over the lower abdomen. During 
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the preceding month, there was difficulty in initiating urination. She was severely 
constipated and had to resort to manual pressure over her buttocks to force feces 
from her rectum. She found it impossible to have intercourse because of severe 
intractable pain caused by the act and by any position in which it was attempted. 
The day prior to admission she was aware of numbness in both inguinal regions as 
well as in the perianal area on the right. 

Pain was progressively more severe and incapacitating. Cystoscopy and retro- 
grade pyelography were normal. The possibility of endometriosis was entertained 
and exploratory laparotomy was being considered because of a past history of pelvic 
inflammatory disease. There was no history of trauma. 

Neurological Examination. There was a band of hyperalgesia and hyperesthesia 
conforming grossly to the 12th thoracic dermatome on the right with an area of 
hypesthesia and hypalgesia spreading down the medial aspect of the thigh and over 
the skin adjacent to the anus on the right. Deep tendon reflexes were of normal 
intensity. Superficial abdominal reflexes were intact and plantar responses were 
normal. Manipulation of the hip elicited no discomfort. Straight leg raising as well 
as movement of the spine was unrestricted. There was no unusual spinal or para- 
spinal tenderness. 

Roentgenograms of the spine were not remarkable except for small anterior 
osteophytes in the dorsal region. Lumbar puncture disclosed a normal spinal fluid 
with a protein content of 41.2 mg. per cent. Manometrics were normal. Myelography 
revealed a partial block between the 12th thoracic and Ist lumbar vertebra at the 
level of the interspace (Fig. 1B). The pantopaque passed over this hump in the 
left lateral gutter and pooled without further incident in the cervical canal. The en- 
tire lumbar area was normal in appearance. The diagnosis of herniated interverte- 
bral dise was made. 

Operation. Total laminectomy of the 12th thoracic and the 1st lumbar vertebra 
was performed. The dura mater was opened, disclosing the cord to be humped over 
a rubbery extradural ridge of tissue extending from the extreme right well to the 
left of the midline. The mass was then exposed by reflecting the dural retention 
sutures to the left and retracting the cord gently. This was facilitated by removing 
the lamina far to the right. The previously identified hump was observed to be 
caused by a bulging, thinned-out annulus which ruptured on the slightest pressure 
of bayonet forceps. There resulted a spontaneous herniation of yellow-grey, soft, 
amorphous tissue from the interspace. The entire protrusion was leveled, using pi- 
tuitary forceps to evacuate the interspace and to bite off the marginal osteophytes 
at the rim of the vertebrae. The dura mater was re-opened and the dorsal fibers of 
the involved nerve root at this level were sectioned. The dura mater was then closed. 

Postoperative Course. The patient no longer complained of the back and abdomi- 
nal pain and she was discharged 3 weeks later. 

Her menses have since been without unusual pain or discomfort. Intercourse is 
no longer painful. Urination and defecation are normal. There is still a sensation of 
hyperesthesia over a small area of the lower abdominal wall on the right. No loss of 
sensation could be discerned postoperatively despite the rhizotomy. The patient re- 
sumed her former occupation and was without complaints 7 months after surgery. 


Case 3. F.K., a 54-year-old woman, 4 months before examination noted the 
spontaneous onset of spasmodic pains in the upper lumbar region of her back radi- 
ating around both sides of her abdomen into the groin. They were more severe on 
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the left side. Pain would appear abruptly and last about one-half minute. It was of 
agonizing intensity. There was no increase in frequency of attacks or alteration in 
the character of the pain with the passing of time. She described the pain as being 
similar to a labor pain. It was not affected by position, lifting, straining or by her 
menstrual periods, which were regular and of normal pattern. 

An enlarged, tender uterus had been discovered at an earlier examination. The 
patient entered the hospital for hysterectomy and salpingo-oophorectomy, which 
was performed on Dec. 30, 1952. Pain continued unchanged following surgery. 

Neurological examination on Jan. 5, 1953 disclosed brisk deep tendon reflexes in 
all extremities, those in the lower left limb being a shade more active than the 
others. Sensation was intact and there was no evidence of weakness. A constant 
finding was a Babinski sign on the left. Percussion over the midlumbar spine was 
slightly more uncomfortable than elsewhere. 

Roentgenograms of the spine disclosed large anterior and smaller lateral osteo- 
phytes in the lower dorsal region with some bridging. Similar although less pro- 
nounced alterations were seen in the lumbar spine. Lumbar puncture showed normal 
CSF pressure with normal responses on jugular compression. The total protein was 
33.6 mg. per cent. Myelography, using 6 cc. of pantopaque, showed a definite and 
constant defect in the column of oil at the interspace between the 11th and 12th 
thoracic vertebrae (Fig. 2). The diagnosis of a possible herniated disc with radicular 
and spinal cord involvement was made. 

Course. The patient was discharged from the hospital and returned in 2 weeks 
unchanged except that there was now a questionable deficiency in the appreciation 
of pinprick over the lateral aspect of the left lower limb with a poorly defined sensory 
level at the umbilicus. 

Operation. Laminectomy of the 11th and 12th thoracic vertebrae was performed. 
The dura mater was opened disclosing a conspicuous bulge anterior to the dura 
mater on the left side, elevating the nerve root and the cord. The dura mater was 
reflected towards the right and the protruding annulus was exposed. It was un- 
usually thin and friable and when perforated with forceps, a considerable quantity 
of amorphous, degenerated disc tissue was removed from the interspace. Osteo- 
phytes at the vertebral margins were removed with pituitary forceps. Section of 
the dorsal fibers of the nerve displaced by the mass was performed intradurally. 
The dentate ligaments in the exposed area were then cut and the dura mater was 
closed. 

Postoperative Course. The patient complained only of occasional twinges of pain 
across her back and spreading into her groin. These disappeared prior to discharge. 
A sensory deficit extending from her lower abdomen across the upper and medial 
aspect of the left thigh over at least three dermatomes persisted after surgery. 

Six weeks after operation, she experienced peculiar tingling and pins-and-needles 
sensations in her right foot. These would first be felt in her toes and then would rise 
up to her groin. There were occasional cramping pains in the muscles of the calf and 
thigh. Episodes would occur periodically without warning, at times being precipi- 
tated by turning or twisting. 

Neurological examination showed no alterations in the abnormalities previously 
discerned. Sensory examination during one of the episodes disclosed no changes. 
Fluoroscopy of the spine was repeated using the residual pantopaque, approximately 
1 ce. This revealed no delay or gross deformity at the operative site. There were 
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Fig. 2. Case 3. (A) Sharply defined, almost transverse defect in myelogram at T11-12 interspace. 
(B) Lateral exposure showing pooling of oil at this interspace where it collects in a pattern characteristic 
of a partial obstruction in the ventral quadrants of the spinal canal. (C) Pool of oil hanging suspended at 
the interspace level despite a 70° cephalad tilt of the table. (D) Operative specimen. 


only scattered tiny droplets of pantopaque in the tissues in the vicinity of the 
operation. 

The paresthesias became less severe and 6 months later subsided. One year after 
operation, the sensory deficit over her lower abdomen and thigh was still present. 
The Babinski sign had disappeared. The cause of the paresthesias remains obscure, 
possibly being related to operative trauma with subsequent arachnoiditis. 


Case 4. V. W., a 52-year-old bus driver, noted progressive weakness of his right 
lower extremity for the past 1} years with unsteadiness of gait and numbness over 
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the right thigh and calf. Weakness had become incapacitating and he could no 
longer be employed in any occupation requiring him to stand or walk. He com- 
plained of difficulty in urinating and could not void in any position except standing. 
He did not complain of pain. Three years previously he had twisted his back while 
trying to avoid a falling door but there were no apparent sequelae to this injury. 

Neurological Examination. There was no abnormality in the upper extremities. 
Deep tendon reflexes in the lower limbs were hyperactive with bilateral ankle clonus 
and Babinski sign. Superficial abdominal reflexes and cremasteric reflexes could not 
be elicited. There was a definite sensory level to pain and touch below the umbilicus 
on the right side with incomplete in- 
volvement of the sacral dermatomes, 
the penis and immediate perianal area 
being excluded. Vibration and position 
sense were markedly impaired to lost 
in the toes on the right and diminished 
on the left. The patient limped, favor- 
ing the right lower limb, the gait being 
spastic, unsteady and wide-based. 

Roentgenograms of the entire spine 
by Dr. A. L. Loomis Bell disclosed evi- 
dence of hypertrophic osteo-arthritis 
localized to the adjacent aspects of the 
11th and 12th dorsal vertebrae with a 
scoliosis of the spine having its turning 
point at this level (Fig. 3). 

Lumbar puncture disclosed normal 
fluid, pressure and manometrics. The 
spinal fluid protein was 26 mg. per cent. 

Pantopaque myelography disclosed 
a constant obstruction to the flow of oil 
at the thoracic 11-12 interspace cross- 
ing the midline and obstructing the 
cephalad flow until the table was tilted 
sharply downward, when the column of Fic. 3. Case 4. Scoliosis of spine with apex of 
oil was observed to pass by the obstruc- curve at the T11-12 interspace (arrow). Note 
tion on the left (Fig. 1C). The findings myelographic defect at this level in Fig. 1C. 
were consistent with the diagnosis of a 
lesion at the interspace, either a herniated disc or a ridge formed by osteophytes at 
this level. 

Operation. Laminectomy of thoracic vertebrae 11 and 12 was performed. A dis- 
tinct paucity of epidural fat was observed. The dura mater was opened and the cord 
was noted to be elevated by an extradural ridge crossing from right to left, most 
prominent on the right. It was elastic in consistency. The mass was then exposed 
extradurally and identified as herniated disc tissue that had partially ruptured 
through a torn annulus, pushing the posterior longitudinal ligament before it. The 
ligament was opened and a moderate amount of degenerated disc tissue was removed. 
In addition, osteophytes protruding from the lips of the vertebrae were bitten away 
with pituitary forceps. The dura mater was closed. 

Postoperative course was uneventful. After discharge motor power improved 











532 JOSEPH A. EPSTEIN 


steadily. Urination returned to normal. Position and vibratory sense returned with 
only a minimal residual deficit on the right. Hyperactive reflexes have persisted in 
the lower limbs but are of lesser intensity, ankle clonus disappearing on the left. 
The plantar responses have remained extensor. Gait has improved and the patient 
is now employed as a salesman 1 year after surgery. He is on his feet for considerable 
periods and can walk 10 to 16 city blocks without unusual effort. Residual weakness 
persists on the right. 


DISCUSSION OF CASES 


The number of cases is too small to provide any valid analysis of such 
factors as sex, age, occupation or constitution. The women were from 30 to 
55 years of age and the male was 54. Symptoms had been present for periods 
of from 4 months to 3 years and were progressive in nature in 3 of the 4 pa- 
tients. In no case was trauma an etiological factor. 

Three of the patients were women performing housework or acting in a 
clerical capacity. Each complained of severe incapacitating pain, radicular 
in nature. It was intermittent and of varying frequency, with a tendency to 
become constant in 2. In the youngest of the 3 women, pain was adversely 
affected during periods of ovulation and preceding menses. The similarity 
of the pain to a labor pain was commented on twice. Its abrupt onset was 
common to all and such words as crushing, sharp, burning and pushing were 
used to describe its character. Straining aggravated the pain in only 1 pa- 
tient. Twisting and turning movements of the back precipitated pain in 2. 
One of the women complained of difficulty in initiating the urinary stream 
Numbness of the skin of slight degree was felt in the lower abdomen and 
groin in 1 case. This woman complained of hypersensitivity of the skin and 
other irritative phenomena during the examination, as did another. Symp- 
toms were unilateral for the most part. 

The painless onset of a spastic, ataxic gait was the only complaint of the 
male member of the group. This was progressive with subsequent develop- 
ment of weakness, a sensory level at the 10th thoracic dermatome and 
sphincteric disturbances. 

Of the 3 female patients, hysterectomy had been performed in one, a 
benign pericardial cyst was removed in another and a contemplated explora- 
tory laparotomy was averted in the third. 

Neurological examination of the first 2 patients showed evidence of nerve 
root irritation with hyperalgesia and hyperesthesia over lower thoracic der- 
matomes. Vague areas of diminished sensation were found in more distal 
areas. In 1 of these women, sphincteric changes suggested cord involvement. 
The third woman showed evidence of pyramidal tract disease. The male 
patient demonstrated evidence of intrinsic cord disease at a definite level. 

Plain roentgenograms of the spine were of assistance in only 1 case show- 
ing scoliosis and hypertrophic osteo-arthritis localized to the adjacent as- 
pects of the 11th and 12th dorsal vertebrae. The findings on lumbar punc- 
ture were normal with no evidence of block or unusual elevation of spinal 
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juid protein. Clinical findings were at best suggestive, myelography estab- 
ishing the diagnosis in each case. Fluoroscopy was most important and 
howed the moving column of oil to halt at the level of the interspace con- 
erned. With further tilt of the table, the pantopaque was observed to flow 
round the partial block in the lateral gutter opposite the obstructing ridge. 
Spot films taken in lateral as well as in the anteroposterior projection con- 
‘firmed the relation of the block to the interspace. The lateral exposure dem- 
mstrated the location of the pathology anterior to the cord. Such defects 
were found at the interspace between the 11th and 12th thoracic vertebrae 
in 3 patients and at the next lower interspace in the fourth. 

The pre-operative diagnosis of an extradural tumor was made in the 
first patient seen with this syndrome. The roentgenograms were considered 
specific enough for the diagnosis of a protruding disc in the remaining 3 pa- 
tients. 

Operation was performed using general endotracheal anesthesia with the 
patient in the crouch position, the back well arched and the buttocks sup- 
ported on a small seat avoiding pressure on the popliteal space. Bleeding in- 
traspinally was minimal and easily controlled under these circumstances 
since the abdomen was not compressed in any way. Total laminectomy of at 
least two vertebrae was performed, being carried far lateral to the side of 
greatest involvement in order to facilitate exposure and to make the ap- 
proach to the anterior and lateral aspect of the canal easier. The dura mater 
was opened in all cases prior to exposing the actual lesion. The cord was 
examined for gross alterations and any disturbance in its normal contour was 
noted. This aided in identifying the exact location of the ridge lying anterior 
to the cord and unnecessary manipulation was avoided in seeking for it ex- 
tradurally. Once identified, bony exposure was enlarged if needed. The cere- 
brospinal fluid drained away. The dura mater was temporarily closed and re- 
tracted away from the lesion by turning the stay sutures along its open mar- 
gins to the opposite side. This reduced the bulk in the canal and only gentle 
pressure with a thin elevator sufficed for exposure. The bulging, attenuated 
and often ruptured annulus was perforated with bayonet forceps, the open- 
ing was enlarged and the protruding, degenerated disc tissue and contents 
of the intervertebral space were removed. This was performed with pituitary 
forceps of 2 to 3 mm. diameter, angulated to facilitate this procedure as the 
midline was approached. Marginal osteophytes were removed in a similar 
manner, the greatest care being taken to leave no projecting bony ridge in 
the lateral and more medial surfaces of the canal. No chisel or sharp curette 
was used. In 1 case, the denticulate ligaments were severed. In all cases of 
radicular pain the dorsal roots of the nerve involved were cut intradurally. 
The dura mater was closed with interrupted sutures and the wound was 
closed without spinal fusion. 

Postoperatively, relief of the radicular pain was achieved. Dermatome 
anesthesia was present in only 1 of the 3 patients in whom rhizotomy was 
performed, the others showing little or no residual deficit. Signs of cord com- 
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pression were relieved in 2 of the female patients, 1 with sphincteric changes 
and the other with long tract signs. The patient with a transverse cord lesion 
showed a partial return of function. 


REVIEW OF THE LITERATURE 


Discogenic disease of the thoracic spine has received relatively little at- 
tention when compared to the large number of publications concerned with 
lumbar and cervical disc pathology. This is not surprising since the clinica! 
syndrome heretofore has been regarded as unusually rare and obscure. An 
analysis of the literature and the present cases discloses that certain clinical 
features are held in common. An appreciation of these findings should enable 
the practitioner to suspect the diagnosis more often and to confirm it with 
the proper ancillary studies. 

No attempt is made to discuss in detail the frequency of this lesion in the 
thoracic spine as compared to other levels since the reports vary greatly in 
this respect.*:>:-8-3 We have until now been unable to recognize the syndrome 
with sufficient accuracy, thereby allowing a significant number of cases to 
pass by undiagnosed or misdiagnosed. In a postmortem study of 99 un- 
selected spinal columns, protrusions of thoracic discs were found in 7, of 
cervical dises in 53 and of lumbar discs in 27.4 While multiple involvement 
was relatively frequent in the cervical and lumbar spine, it was rare in the 
thoracic spine. About one-third of the protrusions into the spinal canal 
formed transverse ridges with a bulging but intact annulus. Dise degenera- 
tion occurred with greatest frequency in the more mobile segments of the 
spine, namely the lower cervical, lower thoracic and lower lumbar regions. 
The frequency of disc degeneration with ridge formation and actual hernia- 
tion at the 11th thoracic interspace is significant and deserves emphasis.°:™ 


PATHOLOGY 

Degenerative changes in the intervertebral discs occur relatively early in 
life with a steady loss of water content altering normal elasticity and turgor, 
resulting in narrowing of the interspace. With increasing age, the inner layers 
of the annulus fibrosus ultimately merge with the nucleus, leaving only a rim 
of the original tissue. As the dise becomes thinner, the daily trauma of living 
is borne in greater part by the attenuated fibrocartilaginous annulus. The 
annulus bulges outward, resulting in an abnormal strain on the attached 
spinal ligaments, loosening their connections to the periosteum which covers 
the ring epiphysis. This causes an elevation of the periosteal layer with the 
formation of osteophytes constructed of new bone laid down between the 
elevated periosteum and the original corticalis of the vertebra. Since the cal- 
cium content of this marginal area of newly formed bone does not reach an 
immediate maximum, x-ray changes may not be apparent until relatively 
late. This explains the finding of formidable ridges at operation when only 
minimal alterations were discerned in the routine roentgenograms. These 
ridges may occur laterally in the canal but more commonly traverse the mid- 
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| ne and involve both sides. When ridges project into the spinal canal from 

‘he posterior margins of the vertebral bodies or from the facets of the 
yophyseal joints, the intervertebral space becomes narrow and foraminal 
mstriction results. The neurological abnormalities appear to be a direct re- 
ilt of mechanical constriction of the spinal cord and nerve roots and possi- 
le interference with their blood supply by osteophytes formed at the pos- 
‘rior margins of the vertebral bodies.!:7 


CLINICAL FEATURES 


Of the cases reported, men are affected with greater frequency than wom- 
nin a ratio of approximately 5 to 3. It is a disease of middle and late adult 
fe, the average age being 50 years.* The patient of 30 in the present group 
ould be considered unusual in this regard but not if one considers the fact 
iat symptoms lasting as long as 10 years were noted in cases of Logue* and 
liiller.? Trauma is of no special significance and neither is occupation, body 
abitus or heredity. 

The history of radicular pain cannot be emphasized enough. This occurs 

hen the projection of tissue at the interspace encroaches on the contents of 
he intervertebral foramen, and is found in about one-half of the cases. It 
aay be accentuated by movements of the spine and by coughing. In the up- 
ver thoracic spine, the pain may be girdle-like and not necessarily complete 
since only part of the distribution of a root may be involved. Pain may, 
iherefore, radiate to an intercostal space or to the back. Since the lowest seg- 
ments are most frequently affected, pain radiates to the abdomen and groin, 
simulating disease of the abdominal viscera, especially the kidney. Pain re- 
stricted to the midline of the spine or slightly to one side has also been local- 
ized to the upper lumbar or thoracolumbar regions, irrespective of the level 
of the prolapse.* Local tenderness on percussion of the spine at the level of 
the pathology also occurs. 

The sensory alterations found in the affected segment are either an in- 
creased skin sensitivity or a partial numbness indicative of nerve root irrita- 
tion or destruction. Segmental loss of the superficial abdominal reflexes may 
oceur and aid in localization.*:?:"* The midline protrusion may be insidious 
in onset, painless and manifested only by symptoms and signs of spinal cord 
compression. These include a spastic, ataxic gait caused by interference with 
pyramidal and spinocerebellar pathways. Poorly defined sensory levels, at 
times above or far below the actual level of the lesion, have been described.*:* 
Sphineteric changes occur but are not a conspicuous part of the syndrome 
which resembles closely that caused by similar lesions in the cervical spine.?* 
Combinations of both radicular and spinal cord pathology occur since ridges 
frequently extend both medially and laterally. A Brown-Séquard syndrome 
has been found with lesions anterolateral to the cord, much as it occurs in 
the cervical spine.*:*” Radiation of pain in the distribution of the lumbar 
nerves with lesions at the 11th and 12th thoracic interspaces is explained 
by the fact that it is anatomically possible for a prolapse at these levels to 
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involve the majority of the lumbar and also the upper sacral nerve roots, as 
these lie closely applied to the conus medullaris.® 


LABORATORY STUDIES 


Lumbar puncture may disclose varying degrees of block on jugular com- 
pression. Total block frequently occurs with the more advanced type of 
transverse lesion in which cord function is seriously compromised. With the 
more laterally placed lesions, lesser degrees of block to an open manometric 
system is the rule. In the early stages, manometrics and spinal fluid chemis- 
try are usually entirely normal.*:*: With the presence of a block, protein 
values in the spinal fluid may rise to as high as 400 mg. per cent.° 

Roentgenograms of the spine may prove of value if a positive finding 
such as calcification of the intervertebral disc is found at the suspected seg- 
mental level.*:*!? This was found in 8 of the 11 cases described by Logue,’ 
who also studied 100 unselected thoracic spine films of a similar age group 
and observed nuclear calcification in only 4 instances. In 1 case described 
by Love and Kiefer® the calcified disc had herniated into the spinal canal an- 
terior to the cord, and operation without myelography provided the patient 
with immediate relief of pain and disability. Lipping of the vertebral mar- 
gins is not unusual at multiple levels of the spinal column. When restricted 
to a specific interspace and associated with symptoms suggesting an abnor- 
mality at this level, it must be regarded with suspicion. 

Myelography has proven of inestimable value in establishing the pre- 
operative diagnosis with sufficient accuracy to enable one to proceed with 
advantage early in the course of the disease. A partial or complete block is 
characteristically found in the cephalad flow of pantopaque at the level of 
the interspace involved. The defect is smooth, semicircular or oval in shape 
and typical of an extradural lesion. Lateral exposures can be taken while the 
oil is suspended at the interspace, be it only temporarily, and these demon- 
strate the obstruction lying anterior to the cord, outlining the silhouette of 
the ridge with unmistakable clarity. Fluoroscopy is mandatory and will re- 
veal the lesion at levels where it may be difficult or impossible to retain the 
oil long enough to take films. 


DIFFERENTIAL DIAGNOSIS 


When pain was not a conspicuous factor, the presence of remittency in 
symptoms has led to the diagnosis of multiple sclerosis in a good number of 
patients.*:!°.!2 Normal spine films and spinal fluid supported this diagnosis. 
This again indicates, as in similar lesions of the cervical spine,?* that when 
the syndrome is limited to the spinal cord, myelography should be pei- 
formed. The diagnosis of a myelopathy is not unusual in cases in which sym) - 
toms have appeared over a short period of time. This may occur with dis° 
lesions as a result of direct cord compression or by interference with circul: - 
tion. It may be impossible to differentiate the lesion from a spinal cord tumcr 
even on myelography, although spinal fluid findings may be of value in this 
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regard. When radicular pain dominates the picture, a host of abdominal com- 
plaints of visceral origin may be simulated, usually intractable to all forms 
of therapy and unresolved by all of the usual diagnostic aids. Intercostal 
neuralgia, pleurodynia, renal colic, angina and fibrositis are easily mimicked 
when nerve root irritation occurs. Radicular paresis and atrophy of the in- 
tercostal and abdominal muscles usually pass unobserved and even seg- 
mental sensory changes easily escape notice. 


TREATMENT 


No conservative, nonsurgical methods of therapy have been described. 
As in eases of cervical disc lesions, when the protrusion is far lateral and only 
nerve root compression exists, the situation is not urgent and the decision to 
operate should depend on the amount of disability caused by pain. When the 
spinal cord is involved, surgical decompression should be contemplated early 
before irreversible alterations occur. The specific technique employed in the 
present cases wherein radicular compression is the primary factor has been 
described earlier. An accurate pre-operative diagnosis is most important 
since irreparable harm to the cord can occur when rongeurs are inadvisably 
placed beneath the lamina overlying the lesion, crushing the cord against the 
underlying ridge. Undoubtedly, many of the adverse effects of surgery can 
be related to this unfortunate occurrence. 

Hemilaminectomy has been described by Love and Kiefer? as sufficient 
for exposure of the laterally lying disc, laminectomy being reserved for those 
‘ases in which there is spinal cord compression. Simple uncapping of the in- 
volved nerve root has been performed by Young" for cervical and thoracic 
dises. Dorsal rhizotomy is indicated for the laterally lying protrusion in 
order to insure relief of pain. Logue* does not hesitate to remove the pedicle 
on the side of maximum protrusion. The denticulate ligaments are divided 
to lessen traction on the cord and to permit greater freedom of movement. 
The ligaments have been implicated by Kahn* to explain by stress analysis 
the frequency of pyramidal tract signs in anterior compression syndromes of 
the spinal cord. 

If there is an area of necrosis in the cord, this is a most ominous sign even 
when the associated neurological deficit is not severe and under these circum- 
stances a decompression is all that should be done. If the cord is not abnor- 
mal and the prolapse is accessible and soft, all of it should be removed. When 
a transverse bony spur is found it may be wiser to avoid radical excision in 
favor of simple decompression.* The latter need not necessarily be so limited 
since such spurs may be bitten away with pituitary forceps if proper precau- 
tions are taken in making the exposure and in protecting the cord. As instru- 
mentation improves, this may be made easier and less traumatic. Chisels 
and sharp curettes carry too great a hazard in their manipulation to warrant 
their use in close quarters. 

Insofar as prognosis is concerned, most significant is the amount of ex- 
isting interference with cord function and whether it is of long duration and 
permanent or the result of an acute episode and reversible. 
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SUMMARY 


Four patients with disabling symptoms caused by herniated thoracic in- 
tervertebral discs are presented. The clinical syndrome is reviewed and the 
literature on the subject is summarized in an effort to establish the condition 
as a more easily recognizable clinical entity. The poor results previously 
noted after surgery can be avoided if the diagnosis is made before irreparable 
spinal cord injury has occurred. Radicular pain caused by irritation of thor- 
acic nerve roots may mimic closely abdominal pain of visceral origin, inter- 
costal neuralgia, pleurodynia and angina. Since the laterally lying dise does 
not involve the spinal cord early in its course, central nervous system disease 
is rarely suspected in the differential diagnosis. Despite the fact that diagnos- 
tic studies such as pyelography, gastro-intestinal series and others prove to 
be negative, unnecessary abdominal and thoracic exploratory operations 
are performed. This occurred in 2 of the patients presented and was narrowly 
avoided in a third. When the spinal cord becomes involved, either by com- 
pression or by interference with its blood supply, surgical decompression is 
mandatory. Spinal fluid studies and even roentgenograms of the spine may 
reveal no abnormalities. However, myelography is diagnostic when properly 
performed, thereby enabling the surgeon to operate with distinct advantage. 
Recent reports and the results of surgery in the present group of patients in- 
dicate that if the diagnosis is established early when minimal radicular and 
cord damage exists, the prognosis is much more hopeful. 
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Section of Neurologic Surgery, Mayo Clinic and Mayo Foundation,* 
Rochester, Minnesota 
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ny method of surgery that can be utilized to improve the physical state 

of a spastic paraplegic person is worthy of description. It is the pur- 

pose of this communication to describe a technic that can be used on 

certain paraplegics and has certain definite physiologic and technical advan- 

tages over the more commonly used methods of producing flaccidity. In order 

to illustrate this surgical approach to the problem, 4 cases will be reported 
in detail. 

If spasticity in flexion or extension exists in the extremities and body dis- 
tal to the level of injury to the spinal cord, the problem of rehabilitation and 
general care is markedly enhanced. The spasticity frequently induces such 
overwhelming situations (for example, urologic complications or bedsores) 
that death may result. When such situations develop, it then becomes neces- 
sary to produce flaccidity in the lower extremities and bladder so that these 
structures can be adequately cared for. During recent years, the classic 
methods of producing flaccidity have been by anterior rhizotomy,"" sub- 
arachnoid injection of alcohol*° or, more rarely, posterior-column tractot- 
omy.’ Each method, although it presents its own inherent difficulties, 
serves a worth-while purpose and each remains a part of the surgeons’ arma- 
mentarium. An additional procedure, which seems suited to certain condi- 
tions, is selective spinal cordectomy. This procedure can be accurately ac- 
complished and, in most instances, expeditiously performed. 

The concept of removal of a malfunctioning organ is not new to medicine 
but in fact is fundamental to the science of surgery. Thus, the gangrenous 
leg must be removed to save the life of the patient. More recently it has be- 
come apparent to neurologic surgeons that patients who suffer from infantile 
hemiplegias and epilepsy are improved by hemispherectomy.*:!°!7 Physio- 
logically, the “‘spastic” terminal portion of the spinal cord can be compared 
to the “spastic epileptogenic hemisphere.” In each instance, there are occa- 
sions when all or part of the disorganized neurologic structure is best removed 
from the body. 

The idea of removing large segments of the spinal cord first occurred to 
the author in February, 1948, and on Aug. 31, 1948, a thoracic, lumbar and 
sacral spinal cordectomy was accomplished in an effort to eradicate a highly 


* The Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
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malignant glioma of the spinal cord. The details and effects of this procedure 
have been described previously." It became apparent that removal of exten- 
sive portions of the spinal cord is compatible with life, but that certain altera- 
tions in physiology occur.’ The most striking effect of spinal-cord removal or 
extensive injury is catabolic in nature, with manifestations of gynecomastia, 
hypoproteinemia, decreased metabolic rate, and evidence of demasculiniza- 
tion. Details of this have been recorded previously, and efforts to combat 
these changes have also been outlined.’-® From a practical point of view, it 
is apparent from this work that the bladder can contract after large seg- 
ments of the spinal cord have been removed. The evidence indicates, there- 
fore, that spinal cordectomy below the cervical segments is compatible with 
life, will relieve spasticity, and will produce a flaccid bladder that can con- 
tract. Also, intestinal function is little altered when a transected spinal cord 
is converted to a resected spinal cord. 

The effect of spinal cordectomy on sexual function in either men or wom- 
en is not known. One would suspect, however, that the effect would be no 
different from what is seen with a cauda-equina type of lesion or after either 
extensive anterior rhizotomy or subarachnoid injection of alcohol. For a re- 
view of this subject the reader is referred to the work of Bors and co- 
workers.!” 


REPORT OF CASES 


Case 1. A white woman aged 48 years sustained an injury to the thoracic part of 
the spinal cord on June 23, 1951, in an automobile accident. Laminectomy on June 
26, 1951, revealed trauma of the cord from the 3rd to the 5th thoracic segments in- 
clusive. Spasticity in flexion and the usual mass reflex phenomena gradually de- 
veloped. An automatic bladder did not develop and a retention catheter was neces- 
sary. Bedsores, thrombophlebitis and debilitation became an almost overwhelming 
problem. Rehabilitation was impossible. 

On July 23, 1952, a lower spinal cordectomy was performed (Fig. 1). The spinal 
cord was removed from the 11th thoracic segment through the conus and upper 
part of the cauda equina. This resulted in flaccidity of the lower part of the ab- 
dominal wall and the lower extremities. Rehabilitation was rapid and well man- 
aged. Bedsores were healed by numerous plastic procedures. 

The patient has subsequently lived at home. She has continued to require the 
use of a catheter. This has been employed for convenience, and no attempts have 
been made to remove it because of the patient’s reluctance and inability to become 
sufficiently mobile to establish satisfactory control of the bladder either with or with- 
out transurethral resection. She has become too obese. 

The portion of spinal cord from the site of injury (8rd, 4th and 6th thoracic 
segments) to and including the 10th thoracic segment was left intact to maintain 
reflex spasticity of this portion of the body, particularly the upper part of the ab- 
dominal wall. It was hoped that the intra-abdominal pressure could be reflexly 
increased to aid in evacuation of the bladder. In this instance, however, it has not 
been possible to attain satisfactory management of the bladder. 


Case 2. A 13-year-old girl fell from her bicycle on Aug. 27, 1952, sustaining im- 
mediate paralysis of the lower portion of her body and legs. On Sept. 3, 1952, a 
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thoracic laminectomy disclosed that the spinal cord was transected and separated 
for a distance of 1.25 cm. and destroyed for at least 8 cm. in the region of the 5th to 
8th thoracic levels inclusive. While the patient was immediately flaccid following 
injury, she gradually became spastic in flexion and did not obtain an automatic 
bladder. Bedsores did not become a problem owing to good nursing care and meta- 
bolic balance. An indwelling catheter was necessary. 

Elimination of spasticity was desired as was an automatic bladder without 
residual urine. It was felt that selective cordectomy would be the easiest and most 
accurate way to maintain reflexly intact that portion of the spinal cord represented 
by the 9th and 10th thoracic segments, and at the same time to create flaccidity of 
the bladder and lower extremities. With an area of abdominal wall able to contract 
reflexly it was felt that emptying of the bladder would be facilitated. 

On Feb. 10, 1953, the spinal cord was removed from the 11th thoracic segment 
through the conus and upper part of the cauda equina (Fig. 2). Flaccidity of the 
bladder and lower extremities and reflex activity in the upper abdominal muscles 
were realized. The bladder could not empty when the catheter was removed. When 
the patient underwent cystoscopy on March 11, 1953, by Dr. T. L. Pool, it was 
noted that “the bladder automatically emptied itself around the cystoscope at 
periodical intervals. . . . Sixteen bites of tissue were removed from all around the 
circumference of the vesical neck. She should be able to void.”” On March 26, she 
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voided once, and within a few days was emptying her bladder without residual. 

Adjustment to postural hypotension was rapid. Elastic bandages were bene- 
ficial in this regard. By May 1, she had made good progress in rehabilitation, though 
stress and strain caused leakage of urine and occasionally incontinence of the bowel. 
Braces had been applied and by this time she was “able to walk considerable dis- 
tance, to get in and out of all types of chairs, climb stairs, get in and out of car, 
dress herself largely,”’ and was allowed to return home. At the time of this writing 
she is in school. She empties her bladder by manual pressure every 3 hours. In the 
light of the circumstances of Case 3 to follow, one wonders if resection of the vesical 
neck is necessary in all women who have undergone cordectomy. 


Case 3.—A 49-year-old white woman was admitted to the Mayo Clinic on July 
3, 1953. On April 10, 1952, she had sustained a midthoracic spinal-cord injury in 
an automobile accident. There was immediate paralysis and sensory loss. Lami- 
nectomy done elsewhere on April 11, 1952, revealed the spinal cord to be “badly 
contused.”” She was dismissed from the hospital on May 17, 1952, and subse- 
quently decubitus ulcers became intractable. There was no neurologic recovery. 
From June, 1952, to February, 1953, she received daily subcutaneous injections of 
pyromen. Septic fever developed and chlortetracycline (aureomycin) was adminis- 
tered from February to March, 1953, without any response. From March until 
June, chloramphenicol therapy was given. The fever subsided only to return as 
soon as use of the drug was discontinued. 

The patient was admitted to the Mayo Clinic in a seriously debilitated condi- 
tion. Pain in the upper part of the thorax was a major complaint, in addition to 
paralysis and open septic wounds over the sacrum and hips. 

Neurologic examination revealed complete transection of the spinal cord clini- 
ally at the level of the 7th thoracic segment. The patient was spastic with her legs 
in the flexed position. She required continuous catheter drainage and her urinary 
tract was infected. She was febrile and anemic, and her condition was considered 
serious. 

Roentgenograms of the spinal column revealed a fracture of the 7th and 8th 
thoracic vertebrae with lateral dislocation of the 7th on the 8th. There were frac- 
tures of the ramus of the left ischium, a badly deformed pubic symphysis, and a 
fracture of the right ischial ramus near the acetabulum. There was complete dis- 
organization of the right hip joint with extensive resorption of the femoral head 
and neck as well as the acetabulum. 

Because of the neurologic picture of “‘paraplegia in flexion,” satisfactory nursing 
‘are was impossible. The infected sores would not heal, osteomyelitis of the right 
femur would not subside, pain could not be controlled, and the infection of the 
bladder could not be relieved satisfactorily. The problem from this aspect resolved 
itself into controlling pain if possible and producing flaccidity of the paralyzed parts, 
presumably including the bladder. Removal of that portion of the cord extending 
from just above the lesion through the conus seemed to offer a good method of 
accomplishing this purpose. It was felt that the level of pain (5th and 6th thoracic 
segments) was too high for a standard cordotomy, and a bilateral cervical or 
mesencephalic cordotomy was considered to be too risky. 

Subarachnoid injection of alcohol or anterior rhizotomy might have been utilized, 
yet neither of these would alleviate pain in the upper thoracic region. Prefrontal 
lobotomy for this type of pain is often considered useless. An upper thoracic cor- 
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dectomy together with a lower cordectomy as in Case 2 might have been considered, 
but such was not performed in this instance. Before any destructive operation on 
the spinal cord (cordectomy) was undertaken, the primary lesion was inspected. 

On July 14, 1953, the site of the previous laminectomy was opened and the ir- 
reparably damaged thoracic cord was observed. Then a cordectomy involving the 
cord from the 5th thoracic segment through the conus and upper part of the cauda 
equina was accomplished (Fig. 3). The excised portion of the cord was 21 cm. long. 

The desired result was obtained except for persistent annoying girdle sensation 
and occasional root pain at the upper level of anesthesia (5th thoracic segment). 
The administration of narcotics was discontinued and a prolonged period of ortho- 
pedic treatment was begun by Dr. M. B. Coventry. This included excision of 
decubitus ulcers and removal of the structures that make up the right hip joint. 
The wounds healed well and on Dec. 12, 1953, Dr. Coventry completed his care of 
the patient. 

The catheter was removed and the bladder was emptied by pressure over the 
lower part of the abdomen. On December 21, it was noted that when the patient was 
on her back, her bladder emptied well; “however, while lying on her face she 
becomes incontinent.” She was rehabilitated to the point of handling a wheel chair, 
but no effort was made to get her up to walk with crutches or braces because of the 
complicating orthopedic problems. She was dismissed from our care on Jan. 4, 1954, 
without a bedsore or the necessity of using a catheter, and with no appreciable 
residual urine. She seemed well on her way to satisfactory adjustment. 


Case 4. A 29-year-old housewife was admitted to the Mayo Clinic on Aug. 26, 
1953. In 1941, at the age of 17 years, she had sustained a fracture of the 12th 
thoracic vertebra in an automobile accident. Complete paraplegia existed from that 
date. Laminectomy was performed elsewhere following the injury. Recovery of 
neurologic function did not occur and an indwelling catheter was utilized. The pa- 
tient visited the clinic in November, 1947, seeking relief of urinary symptoms. 
Neurologically she had spasticity of the lower extremity, bilateral Babinski sign, 
and complete anesthesia caudally from the level of the 11th and 12th thoracic 
dermatomes. On Nov. 10, 1947, she underwent removal of a vesical calculus, and 
on November 14, transurethral resection of the vesical neck was performed. One 
gram of tissue was removed because of approximately 200 cc. of residual urine. On 
November 26, right pelvionephrolithotomy was performed. On December 19, 3 gm. 
of tissue was removed from the vesical neck with a subsequently satisfactory result. 
An automatic bladder developed satisfactorily. 

One year prior to admission on Aug. 26, 1953, the patient experienced increased 
spasticity of the lower extremities, uncontrollable contractions of the bladder, and 
incontinence. She used demerol to control the spasms which before admission had 
become unbearable. She had to wear a diaper, and the tissue in the region of the 
sacrum became macerated. 

Examination on admission in 1953 revealed typical spastic paraplegia, more 
pronounced than on the patient’s previous visit. Anterior rhizotomy, injection of 
alcohol into the subarachnoid space, or limited cordectomy was proposed. The 
patient desired assurance that the cord was irreparably damaged even though the 
lesion was 12 years old. It was decided therefore to inspect the site of injury and 
then perhaps perform a limited lower spinal cordectomy. Because pain was not a 
problem and the abdominal musculature was good, it was decided not to resect 
above the level of the lesion. 
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On Nov. 20, 1953, the destroyed segment of cord was identified at the site of 
fracture. The conus and spinal cord were removed up to and including the scar 
(Fig. 4). This amounted to 8 em. of cord. 

Flaccidity of the legs and bladder was accomplished. The catheter was removed 
on Nov. 29, 1953. The amount of residual urine gradually decreased to approxi- 
mately 30 ce. She could void by straining but occasionally “loses urine at times.” 
It was felt that her urinary status would improve even more with training. She was 
dismissed on Dec. 6, 1953. 

The patient and her physician husband wrote on March 21, 1954, that they were 
happy with the results of the operation. She stated that “‘by means of tightening the 
lower abdominal muscles and straining I literally squeeze the bladder dry. Residual 
checks after these voidings have revealed a very small amount of urine left in the 
bladder—5 to 10 ce.”’ She empties the bladder every 3 hours. Its capacity has not 
exceeded 250 cc. yet. 


SUMMARY AND CONCLUSIONS 


This paper presents another method of producing flaccidity of the lower 
extremities to supplement the care of patients with spastic paraplegia. Selec- 
tive spinal cordectomy is proposed for removal of segments of the spinal 
cord for this purpose. This concept of removing a portion or all of the mal- 
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‘unctioning part of the spinal cord is likened to removal of an atrophic cere- 
bral hemisphere in patients suffering from infantile hemiplegia and uncon- 
irolled convulsions. The selectivity of the procedure is stressed. In high 
thoracic-cord injuries, it is suggested that an isolated segment be left in 
place to maintain reflex abdominal tone in the hope of improving urinary 
evacuation. In low thoracic-cord injuries, the lumbar and sacral portions of 
the cord can be accurately removed. 

The first spinal cordectomy by the author was performed for the purpose 
of removing a glioma of the cord in a patient with spastic paraplegia. The 
present communication deals with 4 patients who sustained trauma of the 
spinal cord with resultant paraplegia and spasticity. The management of 
these patients by removal of segments of the spinal cord distal to the injuries 
is presented in detail. 
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THE SYNDROME OF ACUTE CENTRAL 
CERVICAL SPINAL CORD INJURY 
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HYPEREXTENSION INJURIES OF CERVICAL SPINE* 
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HENRY PANTEK, M.S.E. (EE) 
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N ACUTE cervical spinal cord injuries, there is a syndrome that suggests 

central cervical spinal cord involvement. It is characterized by dispro- 

portionately more motor impairment of the upper than of the lower ex- 
tremities, bladder dysfunction, usually urinary retention, and varying de- 
grees of sensory loss below the level of the lesion. If the findings are caused 
by central cord destruction with bleeding, hematomyelia, there may be cau- 
dad or cephalad extension of the lesion with further progression of symp- 
toms, perhaps culminating in complete tetraplegia or death. But if the symp- 
toms are caused by concussion or contusion, with an edematous type of cen- 
tral cord involvement, there may be gradual return of function in a definite 
sequence. The amount of recovery depends on the degree of edema present 
compared to the extent of hematomyelia. The lower extremities tend to re- 
cover motor power first, bladder function returns next, and finally strength 
in the upper extremities reappears, with the finer finger movements coming 
back last. The varying degrees of sensory impairment do not follow any set 
pattern of recovery. 

The syndrome of acute central cervical spinal cord injury occurs most 
frequently in severe hyperextension injuries which cause a simultaneous 
squeezing or pinching of the spinal cord both anteriorly and posteriorly. This 
may occur without apparent damage to the bony spine, having been caused 
by an inward bulge of the ligamentum flavum during hyperextension. A hy- 
perextension injury of the cervical spine may be suspected when a history is 
elicited of the patient having fallen foward on his face, or if, on examination, 
contusions and lacerations are found on the face or forehead. However, this 
syndrome also may be associated with cervical arthritis, certain cervical 
compression fractures, and special types of hyperextension or flexion frac- 
ture-dislocations of the cervical spine. 

Recognition of the svndrome is important, for the authors believe that 
it may imply a fairly good prognosis. Surgical decompression of the spinal 
cord is contraindicated because spontaneous improvement or complete re- 


* Presented at the meeting of the Harvey Cushing Society, Santa Fe, New Mexico, May 6, 1954. 
+ 909 Medical Arts Bldg., Dallas, Texas. 
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covery may occur. Furthermore, operation has actually been known to harm 
these patients rather than improve them. 

This is a preliminary report which does not present all the experimental 
and pathological material that would be necessary to confirm our theories, 
but it serves as a foundation for building up further proof. 

This symptom complex is not a rare one, but it has been incorrectly des- 
ignated as hematomyelia by various observers for many years. By defini- 
tion, bleeding into the cord, or hematomyelia, must necessarily be associated 
with some degree of destruction of cord substance, and therefore some residu- 
al neurological deficit might be anticipated. Since complete recovery has oc- 
curred in some of these patients, we must assume that there was primarily 
extensive cord swelling or edema with little or no permanent cord damage. 
The designation “acute central cervical cord injury” therefore is all inclusive 
and more accurate. In reviewing the literature, we have found reports of 6 
cases with similar symptoms. 

In his 1887 paper, Thorburn® reported the following case: 

Case I. A 40-year-old patient was admitted to the hospital on Aug. 15, 1885, 
suffering from the results of a 50-foot fall. There was a contusion with a 4-inch lac- 
eration on the right side of the forehead. The patient was not unconscious. 

All four limbs were “paralyzed,” the arms completely so, but the legs could be 
moved in bed. There was complete anesthesia of the trunk and all four extremities 
with loss of control of bladder and rectum. 

On August 17, the lower extremities moved very readily, but the arms remained 
immobile. Sensation improved. By August 18, the arms and fingers recovered motor 
power, and on October 12, the patient was first able to walk. Five months after the 
accident, he returned to work. There was a residual tingling in his fingers and a 
sensation of constriction about his abdomen. However, there was no diminution in 
motor power. The patellar and Achilles reflexes were exaggerated. 


Our Comment. We believe that this patient sustained a direct facial im- 
pact which resulted in hyperextension of the cervical spine and the acute 
central cervical cord injury syndrome. Recovery followed the routine pat- 
tern described above. 

Minor, as cited by Marty,?° presented a case of “central hematomyelia.” 


Case IT. A 30-year-old peasant was thrown forward from a height of 3 meters, 
struck the ground, and lost consciousness for an hour. On recovering his senses he 
could not move his arms or legs. There was pain in the cervical area and in the upper 
extremities. 

No contusion or luxation of the cervical spinal column was observed. There was 
marked motor impairment in the upper extremities with less in the left leg and only 
minimal paresis in the right leg. No increased tonus was found in the lower extremi- 
ties. The patellar reflexes were hyperactive. Touch was preserved over the entire 
body. An area of analgesia began at the groin and extended along the right side, 
being more marked in the right leg and extending to T10 anteriorly and the tip of the 
scapula posteriorly. Apparently there was a complete loss of temperature sensation. 

Two months later the patient was notably stronger in all extremities, and was 
able to stand with difficulty. His patellar reflexes were hyperactive. Pain and tem- 
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perature could be identified. Five days after this the patient began to walk and soon 
left the hospital. 

Minor observed that there had been acute injury of the cord caused by the fall 
and that there was no evidence of any bony damage. Two months after the injury 
there was almost complete recovery except for weakness and atrophy in the hands 
and exaggerated patellar reflexes. 


Our Comment. The fact that the patient was thrown forward and was un- 
conscious for a period of an hour suggests that he struck upon his face and 
could have had a hyperextension type of injury. Since he had a complete loss 
of motor power in the upper extremities and only paresis in the lower ex- 
tremities a central cord type of injury may be postulated. It was definitely 
stated that there was no evidence of injury to the bony spine and apparently 
the patient recovered sufficiently so that he was able to walk out of the hospi- 
tal. 

The following case was presented by Spiller:?* 

Case IIT. A 46-year-old man who fell 8 feet out of a window, struck the ground 
directly upon his face. On regaining consciousness there was impairment of motor 
power in the lower extremities. Knee jerks were present and there were equivocal 
extensor plantar reflexes. There was marked loss of motor power in the upper arms 
with complete paralysis of the fingers. Touch was normal over the entire body. Pain 
and temperature sense were markedly diminished over the lower extremities and 
trunk, but there was not as pronounced a loss in the upper extremities. 

By the 14th day after the accident, restoration of movement in the lower ex- 
tremities was remarkable. On the 30th day there were feeble extensor and flexor 
movements of each hand. The patient died on the 38th day after the accident. 

A “traumatic myelitis” was found which Spiller defined as a degeneration affect- 
ing the nerve cell bodies and the nerve fibers, together with a round cell infiltration, 
proliferation of neuroglia, congestion of blood vessels and miliary hemorrhage. This 
affected the 4th, 5th and 6th cervical segments. 


Our Comment. This was undoubtedly a cervical hyperextension injury 
since the patient fell upon his face. Recovery was in the usual sequence for 
central cord damage, i.e., lower extremities, then upper extremities, with the 
fingers recovering last. One might have prognosticated that recovery would 
have been fairly good because the impairment of pain and temperature was 
not so great in the upper extremities, suggesting that the injury had not ex- 
tended completely to the anterior surface of the cord. 

Bufe,® published an article on isolated injuries of the cervical spine with 
no distortion of the bony portion but special observations on hematomyelia. 
Since these cases fit so completely into our discussion, they will be briefly 
summarized. 


Case IV. On Sept. 19, 1936, a 50-year-old farmer fell headlong from a haywagon. 
He was not rendered unconscious. His symptoms had improved markedly by the 
next day, for the complete paralysis of the upper and lower extremities that he had 
exhibited initially had partially disappeared. 

On Sept. 21, 1936, bronchitis developed. A disturbance in sensation and motor 
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power was found from C4 level on downward. Both patellar and Achilles reflexes 
had completely returned. There were positive extensor plantar signs. The bladder 
was completely paralyzed. Roentgenograms of the cervical spine revealed no frac- 
ture. Four days after the accident, the patient succumbed. A summary made at the 
time of death suggested that both the original motor and the sensory impairment 
had regressed considerably but the exact extent was not listed. 

At autopsy there was central softening from the region of C4 through T3 spinal 
segments. No abnormality of the bony spine was found. 


Case V. On Aug. 20, 1936, a 66-year-old man fell head first downstairs, and 
was not rendered unconscious. He was unable to rise from the floor and could not 
move his arms. There was a 2-cm. laceration of his forehead. 

Pain was produced on percussion over C4 through C7 spinous processes. Move- 
ment of all four extremities was completely abolished. There was hypesthesia over 
the upper extremities with a disturbance of heat and cold. (The exact extent was 
not mentioned.) Abdominal reflexes were readily elicited but cremasteric reflexes 
were absent. The Achilles and patellar reflexes were retained. There were no extensor 
plantar reflexes. Paralysis of the bladder and rectum was present. Cervical roent- 
genograms showed no evidence of any fracture. 

On the day after injury the previously spastic upper extremities became more 
flaccid. Five days after the injury the patient died of bronchopneumonia. 

At autopsy there was no evidence of any fracture. A tubular central hemorrhage 
of the cord was found between C4 and C7 segments. 


Case VI. A 52-year-old landlord became drunk and fell downstairs. He sustained 
immediate pain in his back , and was unable to move his arms and legs. 

On arrival at the hospital there were no external signs of injury. There were 
no extensor plantar reflexes. The patellar and Achilles reflexes were active and were 
definitely stronger on the right side. Hypesthesia was noted at the level of the wrists. 
There was pain and temperature disturbance in the lower extremities. Total paralysis 
was found in both arms and the left leg. The right leg could be bent at the knee and 
the toes could be moved. There was complete bladder paralysis. X-rays of the cervi- 
cal spine revealed no evidence of any injury. 

Halter traction was applied. On the 4th day post-injury there was spontaneous 
recovery of his bladder and his original flaccid paralysis became spastic. After 8 
days the movements in his arms and legs improved. Leg spasms almost completely 
disappeared. A few weeks after injury, the mobility of the lower extremities was 
markedly improved, but only minimal finger movement was found. Sensation was 
unaltered. After 2 months he was able to perform exercises with his arms and legs. 
The patient was hospitalized for 9 months, but the final clinical result was not 
reported. 


Our Comment. In reviewing these 3 cases it should be noted that each of 
these patients apparently fell head first. They were all above 50 years of age 
and although no note was made about any possible arthritic spurring of the 
cervical vertebra, it certainly could have been present. The neurological ex- 
aminations were far from adequate but in 2 instances there was a definite 
history that the arms were completely paralyzed with paralysis of the blad- 
der and preserved reflexes or minimal movement in the legs. In 1 of the cases, 
recovery was in the routine manner of lower extremities first, bladder return 
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next and upper extremity last. In the 2 cases in which autopsy was per- 
formed, central cord damage was found over a distance of at least 3 to 5 or 6 
segments. 

Perardi” presented in detail a case of hematomyelia following facial 
trauma. This spinal lesion was located about the central canal in the thoracic 
region without any evidence of fracture to the bony spine, suggesting that 
the same pattern of central cord injury had occurred as had been found in 
the cervical region on hyperextension of the cervical spine. It must be admit- 
ted that the point of injury, T4, was a very unusual one at which to expect 
hyperextension because of fixation of the spine at this level by the thoracic 
cage. The paper is important, however, in that Perardi apparently was the 
first to note the importance of facial trauma in cases of hematomyelia. He 
did not enlarge upon the mechanisms involved in this type of a lesion. Later 
Taylor and Blackwood* emphasized that facial injury suggested the presence 
of a hyperextension cervical injury. 

We would like to present 8 patients (Cases 1-8) who exhibited differ- 
ent degrees of the acute central cervical spinal cord injury syndrome. In 
Case 4 the central cord damage was sufficiently low in the cervical area so 
that the neural segments for finger movement were not involved, and the 
syndrome was not complete. A ninth patient (Case 9) with marked comminu- 
tion and fracture-dislocation of the cervical spine is included to demonstrate 
the most severe type of cervical hyperextension injury in which immediate 
complete tetraplegia occurred and progressive hematomyelia was responsible 
for the patient’s death. The range of injury in these cases, therefore, runs 
from simple cervical spinal cord concussion with recovery, to complete de- 
struction and death. (To avoid confusion with the cases abstracted from the 
literature, our own case reports have been designated by arabic numerals.) 


Case 1. On May 31, 1952, H.R., a 65-year-old man, tripped on a rug and fell 
directly forward on his face, striking his forehead on the floor. After being comatose 
for an indefinite period of time, he regained consciousness to discover that he was 
numb and paralyzed in all four extremities. He stated that most of his numbness 
vanished after a period of 4 days, and that he had regained some degree of motor 
power in both legs, but with much less movement in both arms. He had been unable 
to void and had to be catheterized. 

He was admitted to University Hospital on June 5, 1952. Motion and position 
sense were intact, vibratory sensation was only spottily preserved, being absent 
over the lower extremities but present over the upper. However, two-point tactile 
sensation was completely lost. There was a level of hypalgesia and hypesthesia to 
C7 dermatome bilaterally, and a level of thermanesthesia to T1 dermatome bi- 
laterally. Paresis was present in both lower extremities, but was much more pro- 
nounced in all movements of the upper extremities. There was a marked increase 
in tonus of all four extremities. Deep reflexes were equal and active with symmetrical 
hyperactivity of the patellar reflexes. There were positive extensor plantar reflexes. 
Cervical spine roentgenograms revealed no evidence of fracture or fracture-disloca- 
tion, although it was difficult to secure good visualization of the C7 vertebra. Marked 
hypertrophic spurs were noted projecting posteriorly into the spinal canal at the 
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C4—C5 interspace (Fig. 1). A lumbar puncture was performed with no evidence of 
iny subarachnoid block on manometric testing. A cervical myelogram revealed a 
filling defect in the midline of C4—C5 interspace (Fig. 2). 


ag 





Fics. 1-3. Case 1. (1) Lateral roentgenogram of cervical spine. Arrow indicates the posterior spur- 
ring of C4 and C5 vertebral bodies. (2) Myelogram demonstrating almost complete block at C4—C5 
interspace. (3) Operative field showing site of constriction of spinal cord at C4—C35 interspace. 


Cervical laminectomy was performed on June 10, 1952, with removal of the 
laminae of C4, C5 and C6 vertebrae. A dural incision was made in the midline and 
the dentate ligaments were sectioned at three levels. There was considerable arach- 
noiditis at the level of C4. At all of the exposed interspaces, moderate hypertrophic 
spurring could be identified by palpating the anterior wall of the vertebral canal 
transdurally. At the level of C4, C5 on the left side, an unusually large hypertrophic 
spur was identified by transdural exploration. Approximately 2 or 3 mm. above this 
hypertrophic spurring there was noticeable constriction of the spinal cord, most 
marked on the right side. The spinal cord was slightly bluer below this point (Fig. 
3). The dura mater was sutured and the wound was closed in layers. 

Postoperatively the patient had a complete tetraplegia with a level of hypalgesia 
at C4 bilaterally. This level had become progressively higher during the 2 days 
following myelography. Motion and position sense were intact on the left, but ab- 
sent on the right. Marked extensor spasm was noted in the lower extremities. The 
reflexes were equal and active bilaterally with hyperactivity of the patellar reflexes 
and bilateral extensor plantar reflex. 

When last seen on July 7, 1952, his status was unchanged. He was sent to a nurs- 
ing home where his condition gradually deteriorated, and he died on Sept. 12, 1952 
of chronic myocarditis with cardiac decompensation. Unfortunately no postmortem 
examination was performed. 
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Comment. The above patient had a severe hyperextension injury of the 
cervical spine without fracture or dislocation of the vertebra (Fig. 4). Al- 
though neurological findings were not known immediately after injury, the 
patient gave a history of numbness of his entire body, as well as tetraplegia 
following his accident. Apparently the numbness lasted for a period of 4 days. 





Forward- bulging’ 
digementa lava P 





Fig. 4. Case 1. Drawing illustrating the impingement of the ligamentum flavum on the posterior 
aspect of the spinal cord. Anteriorly counter pressure is exerted by the hypertrophic spurs on the verte- 
bral bodies. 


There is no doubt in the authors’ minds that this patient was further in- 
jured by operation. The centrally damaged cervical spinal cord described 
above was probably further compromised by pressure on the lateral surface 
of the cord over the lateral corticospinal tracts when the dentate ligaments 
were sectioned or there could have been delayed softening of the cord. As a 
result the remainder of the initially functioning motor fibers in the lower ex- 
tremity which lie most laterally were irreparably damaged, resulting in com- 
plete postoperative tetraplegia. Pial incision or myelotomy could have 
caused more damage in the face of constriction of the cord and the crowding 
of the blood vessels on the cord’s dorsal surface. 
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Case 2. M.N., a 61-year-old woman, was involved in an automobile accident 
at 7:15 p.m., on Dec. 12, 1952. The car in which she was riding was struck broadside 
it an intersection and was overturned. The patient struck her frontal region on the 
windshield or dashboard with immediate paralysis of the arms and lower extremities, 
ind numbness from the neck downward. 

Upon examination the patient was found to have a 3-cm. midline laceration of 
the forehead. Breathing was purely diaphragmatic. The vital signs were normal. 
No cranial nerve abnormality was noted. There was no movement in the upper 
extremities. In the lower extremities 
the only motor power was feeble inter- 
nal rotation at both hip joints. There 
was a loss of all sensory modalities, in- 
cluding superficial and deep pain, touch, 
motion, position sense, and tempera- 
ture sensation below the level of the C4 
dermatome. There was a complete are- 
flexia in the upper extremities but the 
patellar and ankle reflexes were equal 
and active. The abdominal reflexes were 
symmetrically hypoactive. There were 
positive extensor plantar reflexes. Mass 
withdrawal movements could be dem- 
onstrated bilaterally. Urinary retention 
was present. 

Roentgenograms of the cervical 
spine demonstrated a congenital fusion 
of C2 vertebra with C3 with posterior 
spurring of the inferior margin of that 
vertebra and some calcification in the 
anterior ligament of C2-C3, C5-C6, 
and C6—C7 interspaces (Fig. 5). 

Crutchfield tongs were inserted in 
order to maintain the head in a stable 
neutral position. On the day after ad- 
mission the patient was able to perceive 
and localize deep pain in the feet, and Fic. 5. Case 2. Lateral cervical roentgenogram 
there was spotty return of superficial showing the congenital fusion of C2 vertebra with 
C3. Arrow demonstrates hypertrophic spurring of 
C3 vertebral body. Calcium deposits may be seen 
anterior to the vertebral bodies. 





pain to the level of C5 on the left. Forty- 
eight hours after injury, paresthesias 
were felt over the entire body, and the 
patient could detect the insertion of the catheter in her bladder. A lumbar puncture 
at this time demonstrated no evidence of blockage of the subarachnoid space on the 
jugular compression test. The spinal fluid was clear and Pandy test was negative. 
On the 4th day after injury, there were marked hyperesthesia and paresthesias in 
the lower extremities. By the 10th day the patient was able to move both lower ex- 
tremities, the left better than the right. 

On Jan. 14, 1952, the patient still could not discern motion or position or vibra- 
tion sense. There was a loss to cold bilaterally and cold felt unpleasantly hot on the 
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right side of the body. Light, non-discriminatory touch could be noted over the 
entire body. No voluntary movements were observed in the upper extremities, but 
lower extremities could be moved voluntarily. There was symmetrical hyperactivity 
of the deep reflexes of both upper and lower extremities with a positive Hoffmann 
test on the left and an equivocal one on the right and a positive right extensor plantar 
reflex. 

Laminectomy of C3, C4 and C5 was performed. There was marked instability 
at the C3—C4 interspace. No fractures or hematoma could be demonstrated. The 
dura mater was opened in the midline and the dentate ligaments were cut at three 
levels. The spinal cord was normal in appearance, and upon exploring transdurally 
at the C3 vertebral body the presence of a bony spur was confirmed. The wound was 
closed in layers. 

The patient continued to improve so that at the time of discharge she had good 
movement in all muscle groups in the lower extremities and in the arms and fore- 
arms. There was good hyperextension at the wrist, but there was very little finger 
movement. She was transferred to a convalescent home, where she expired on May 
30, 1953. The cause of death was believed to be hypostatic pneumonia. No post- 
mortem examination was obtained. 


Comment. This patient sustained a typical acute central cervical spinal 
cord injury without any evidence of bony involvement. The bony spur at 
C3—C4 interspace encroached upon the anterior surface of the spinal cord 
and the acute hyperextension of the cervical spine caused inward bulging of 
the ligamentum flavum with pressure upon the posterior surface of the spinal 
cord. The patient’s recovery was in the routine sequence, namely, the lower 
extremities had return of function first, bladder recovery was next, and final- 
ly the upper extremities were regaining movement at the time of her dis- 
charge. The fact that the patient’s fingers had not shown recovery of move- 
ment indicates that the fibers innervating these structures lie most medially 
in the lateral corticospinal tract. It is also evident that the fiber tracts in the 
ventral white matter of the cord recovered earlier than the paths in the pos- 
terior columns. This is illustrated by the early return of both deep and super- 
ficial pain and visceral sensation from the bladder within 48 hours after in- 
jury. We feel that operation neither hindered nor helped this patient. 

Case 3. H.K., a 57-year-old man, was rendered transiently unconscious in an 
automobile accident on June 5, 1953, and was taken to a hospital. Upon arrival there 
at 3 p.m. the patient had no recollection of the accident. 

There was a tender contusion-laceration over the right temporal region. There 
was complete sensory and motor impairment from the neck downward. Breathing 
was diaphragmatic. At 5 p.m. the patient moved his foot and legs minimally on 
painful plantar stimulation. 

Skull roentgenograms showed a fracture of the tip of the nasal bone. There was 
some evidence of posterior arthritic spurring of the C3, C4 and C5 vertebral bodies 
(Fig. 6). Films of the cervical spine showed no fracture or dislocation; but chest 
x-rays demonstrated an elevation of the left hemidiaphragm. Lumbar puncture per- 
formed shortly after admission showed a pressure of 210 mm. of water with a prompt 
rise on bilateral jugular compression to 320 mm. and a rapid drop to the original 
level. The puncture was atraumatic. Nevertheless, the first specimen showed a 
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Fics. 6-7. Case 3. (6) Lateral roentgenogram at time of injury showing hypertrophic spurring at 
('4-C5 interspace (arrow). Note prevertebral hematoma or edema. (7) Lateral roentgenogram 6 months 
after injury. Note increased arthritic changes with calcification in anterior longitudinal ligament. 


crystal-clear spinal fluid, the second was blood-tinged and the third quite bloody. 

By June 7, 1953, no sensory deficit was demonstrable; the biceps reflex was 
weakly positive bilaterally, but triceps was not elicited. On that day suprapubic 
cystotomy was performed. By June 9, it was observed that he could move his right 
lower extremity, but no motion was found in the other three extremities. By the 
following day there was some motion in the left foot. 

At the time of transfer to another institution on June 17, 1953, there was good 
movement of the shoulder girdle, and minimal action in the hamstring muscles and 
the feet. The latter was more marked on the right side. A band of hypalgesia was 
found on the right side from a mid-portion of the back downward over the right 
lower extremity and foot. Areflexia was present in the upper extremities, but there 
was symmetrical hyperreflexia of both patellar and Achilles reflexes without patellar 
or ankle clonus. Positive extensor plantar reflexes were found. 

Examination on Jan. 22, 1954 demonstrated fair motor power in both lower ex- 
tremities with fairly marked spasticity and bilateral extensor plantar reflex. Motor 
power was good in the shoulders and the upper arms, but flexion and extension at the 
wrist and finger movements were absent. There was marked periarthritis of the 
joints in the hands. Only a zone of L3 hypalgesia persisted in the right lower ex- 
tremity, Recheck roentgenograms at this time demonstrated increased vertebral 
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spurring with projection into the cervical spinal canal at C4-C5 and C5-C6 inter- 
spaces (Fig. 7). A chest x-ray showed residual elevation of the left hemidiaphragm 
(Fig. 8). 


Comment. This patient had a blow to the right temporal region which had 
caused contrecoup left lateral hyperextension of the cervical spine. The arth- 
ritic spurring at C4—C5 interspace was sufficient to cause anterior compres- 
sion of the spinal cord and probably 
large enough to catch the main cer- 
vical roots contributing to the left 
phrenic nerve, thus causing paraly- 
sis of the left diaphragm. Recovery 
occurred first in the lower extremi- 
ties and finally in the shoulders and 
forearms, but periarthritis 6 months 
after injury was so severe that it is 
doubtful whether the fingers could 
have moved if motor function had 
been present. Since these digits re- 
cover last, it is imperative that they 
have good early passive motion and 
massage. Return of bladder func- 
tion could not be evaluated since 
the patient had a suprapubic cystot- 
omy 2 days after his injury. It was 
interesting to note that there was 

Fig. 8. Case 3. Chest roentgenogram 9 months only the minimal residual sensory 
er, —— pune left — loss in the right L3 dermatome and 
phragm; (Primary right tempor! contusiovlctr: that most of this sensory recovery 
phrenic nerve.) ; apparently occurred as early as the 

second day after injury. 





Case 4. D.O., an 85-year-old farmer, fell from a 15-foot haymow to the ground 
on Jan. 7, 1954. His wife found him lying on the floor of the barn, bleeding from 
lacerations of the face and nose. The patient stated that he had not been unconscious 
and that he could walk shortly after the fall, but his legs became weak and he had 
collapsed. 

Upon admission to the hospital 4 hours after the injury, he had difficulty with 
movement of his legs, but on command, moved the right foot. He had motor power 
in both upper extremities, but had a poor grip in both hands. There was stiffness 
and soreness of the neck. Hypalgesia was found on the left side of the face and below 
the clavicles bilaterally, but there was a definite appreciation of pain over the legs 
and abdomen. The biceps, triceps, abdominal and cremasteric reflexes were equal 
and active, but deep reflexes of the lower extremities were absent, with no extensor 
plantar responses. 

Cervical spine roentgenograms showed a diminution of the C4—C5 interspace 
with marked hypertrophic changes on the vertebral bodies at C4-C5 and C6—C7 




























SYNDROME OF ACUTE CENTRAL CERVICAL CORD INJURY 557 


interspaces (Fig. 9). A lumbar puncture showed no subarachnoid space block but 
the spinal fluid contained 66 mg. protein per 100 cc. and Pandy test was positive. 
At the time of cervical myelography the pantopaque became separated at the C6—C7 
interspace and was partially deformed to the level of the C3—C4 interspace where it 
coalesced again. Within these limits there was a suggestion of midline defect (Fig. 
10). 





Fics. 9-10. Case 4. (9) Lateral roentgenogram of cervical spine with arrows indicating arthritic 
spurring at C4—C5 and C6-C7 interspaces. (10) Cervical myelogram demonstrating pantopaque defects 
at C4-C5, C5-C6 and C6-C7. Myelography should be avoided a) for fear the necessary hyperextension 
will cause more cord damage and b) the pattern of central damage causes diffuse central swelling and de- 
fects over several interspaces. 


Gradual impairment of motor power then occurred in the upper extremities and 
the patient’s respirations ceased on Jan. 20, 1954. 

Autopsy revealed no evidence of fracture or fracture-dislocation of the cervical 
spine, but merely the hypertrophic arthritic changes. The point of maximal central 
damage to the cord appeared to be at the level of the C6—C7 interspace where the 
lowermost portion of the cervical myelographic defect was noted (Figs. 11-12). 
Some gross destruction was found above this level with marked microscopic injury. 


Comment. This patient probably fell head first from the haymow, as was 
evident from the multiple lacerations of the face and nose. There was no 
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Fics. 11-12. Case 4. (11) Posterior view of portion of cervical-thoracic spinal cord showing max- 
imal damage at C6-C7. (12) Cross sections of above cord at various levels. Note central extension of 
lesion. 


demonstrable bony injury, but only the hypertrophic spurring of the verte- 
bral bodies was found. The patient could move his legs initially but gradu- 
ally had motor loss. There was weakness of the fingers originally, but not the 
true paralysis of the fingers usually seen in acute central cervical cord dam- 
age. The reason is obvious when the specimen is examined, for the lesion 
probably had not had proximal extension initially into the higher cervical 
segments where the fibers to the hands could be involved in the pyramidal 
tracts. 


Case 5. M.T., a 42-year-old woman, was involved in an automobile accident at 
12:30 p.m. on July 7, 1952, being thrown forward from the front seat to the floor 
of the car. Immediately following the injury she was unable to move all four extremi- 
ties and was numb from the neck downward. After being placed in halter traction, 
she soon was able to move her legs, but still had no motion in her upper extremities 
until 7 p.m. on the day of injury. There was progressive improvement in strength in 
all four extremities. There was no bladder or bowel incontinence, and at 5 P.M. on 
the day of injury she was able to void normally. The patient was transferred to 
University Hospital. 

An examination at 10 p.m. on the day of injury revealed a band of hypalgesia and 
hypesthesia from C3 to T3 dermatomes bilaterally. No note was made of tempera- 
ture sensation having been tested. Motion, position and vibration sense were intact 
throughout. All movements of the lower extremities were normal. In the upper ex- 
tremities, strength was equal bilaterally, except that there was no dorsiflexion of the 
right wrist or extension of the fingers of the right hand. Deep reflexes were equal and 
active except that the right biceps reflex was diminished. There were equivocal 
extensor plantar reflexes. Roentgenograms of the cervical spine revealed no evi- 
dence of fracture or dislocation, but a slight narrowing of the C5—C6 interspace. 
Halter traction was continued with 10 pounds of weight applied. 
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On the following morning the band of hypalgesia and hypesthesia previously 
described had disappeared. There was some increased weakness in the right triceps 
but the patient could dorsiflex the right wrist and extend the fingers of the right 
hand. Crutchfield tongs were substituted for the halter traction since the patient 
was having so much discomfort. A lumbar puncture performed 5 days after injury, 
on July 22, 1952, revealed a clear colorless fluid under normal pressure with no 
evidence of a subarachnoid space block upon bilateral jugular vein compression. 
There were no cells in the fluid and protein was reported as 98 mg. per 100 cc. The 
Crutchfield tongs were replaced by a Forrester neckbrace on July 28, 1952. At the 
time of discharge on Aug. 4, 1952, the patient was able to walk about, but displayed 
some weakness in the grip of the right hand, marked weakness of the right triceps 
and hypalgesia over the dorsum of the right hand. 


Comment. This patient had a severe contusion of the cervical cord with- 
out evidence of bony injury. The fact that she was thrown forward from her 
seat onto the floor of the car as indicated by the history, suggested that she 
might have sustained a hyperextension injury of the cervical spine. It is pos- 
sible that there was a direct thrust by the ligamentum flavum against the 
posterolateral portion of the cord, causing more marked weakness in the 
arms and in the legs. No etiological factor for counterpressure anterior to 
the cord could be demonstrated. The band of hypalgesia from C3 to TS 
dermatome indicates spinal cord involvement. The fact that motion, posi- 
tion and vibration sense were preserved at the time of examination 103 hours 
after injury, may be explained by the fact that the posterior compression 
was slight and return could have occurred during that brief interval. Lum- 
bar puncture demonstrating no evidence of block or bloody fluid suggested 
that the elevated spinal fluid protein was probably caused by irritation of 
the cord, and confirms the belief that there was a severe contusion. 

One may speculate as to whether later some degree of gliosis may occur 
with a chronic development of neurological signs and symptoms. Contusion 
infers a severe blow to the cord with definite anatomical changes, transient 
or permanent. Concussion implies a temporary physiological interruption of 
a less severe degree, and is not associated with irritation or destruction, as is 
indicated by a normal amount of protein in the spinal fluid. 

Case 6. W.M., a 34-year-old male, was bending forward between a wrecker and 
his car, when he was struck in the neck by a large steel hook hanging from a chain 
on the wrecking truck. He was projected forward upon his face and was not rendered 
unconscious. The patient recalls that he could not move his arms or legs immedi- 
ately, but that upon reaching the hospital a slight amount of movement had re- 
turned in the lower extremities. There was immediate pain in the neck, marked 
weakness and numbness of both arms, with gradual recovery of motor power in 
both legs. He was unable to void and had to have an indwelling catheter inserted. 
Halter traction was applied for a period of 4 days at the local hospital, and a plaster 
jacket was then substituted in order to maintain his head in a neutral position. 
Cervical spine roentgenograms revealed a compression fracture of the C6 vertebral 
body with minimal displacement of its posterior inferior margin into the spinal 
canal (Fig. 13). Five days after injury, the patient was able to void voluntarily. 
Upon admission to University Hospital on July 11, 1953, there was pronounced 
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weakness in the grip bilaterally with especially marked weakness in abduction and 
adduction of the fingers. Moderate weakness was exhibited in the biceps and triceps 
muscles bilaterally with some weakness of flexion and extension of the wrist, and 
pronation and supination of the forearm. There was no weakness in any muscle group 
of the lower extremities. Hypesthesia, hypalgesia and thermanesthesia were dem- 
onstrated over C5 through T2 dermatomes. The greatest loss was found in the 
region of C7 and T1, where there was an almost complete loss of all sensory modali- 





Fic. 13. Case 6. Compression fracture of C6 vertebral body with minimal posterior displacement of 
posterior inferior margin into the spinal «anal. 


ties. There was no definite sensory loss over the chest, abdomen, lower extremities 
and saddle area. Motion and position sense were most impaired over the little finger 
bilaterally, but were well preserved elsewhere. Sensory loss in the C7 and C8 derma- 
tomes included all modalities. Lumbar puncture on July 17, 1953, 11 days after in- 
jury, revealed no evidence of any subarachnoid space block. The spinal fluid total 
protein content was 22 mg. per 100 cc. 

The plaster jacket was worn for a period of 3 weeks, and then was replaced by 
a Forrester collar with a Taylor backbrace. The patient continued to have marked 
improvement so that at the time of his discharge on Aug. 8, 1953, he was neurologi- 
cally negative. 
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Comment. This man had a typical hyperextension injury with a compres- 
sion fracture of C6 vertebral body and considerable edema about the central 
canal of the cervical cord. With regression of this edema, his neurological 
symptoms subsided in the routine manner. The fact that he had sensory in- 
volvement over four or five dermatomes, plus the number of muscle groups 
involved, indicated central cord involvement which was spreading laterally 
toward the posterior roots at C7, the level of the lesion. The root of C7 was 
pinched, accounting for loss of motion and position sense. The fibers entering 
at C8 were probably caught after entering the spinal cord. 


Case 7. M.M., a 19-year-old man, was involved in an automobile accident at 
11 p.m. Nov. 14, 1952, when he was thrown from his car. He did not know exactly 
how he struck the ground, but he was never unconscious. He could move both arms 
at the shoulders, and was able to flex the forearms bilaterally, but could not extend 
them. He was unable to move his left hand, but had, according to one observer, a 
very minimal flicker of motion in the index finger and thumb of the right hand. 
There was no involvement of the lower extremities. There was numbness from the 
shoulders downward over the entire body. 

At a local hospital an indwelling catheter was inserted because of the patient’s 
inability to void, and his physician noted a loss of movement of his left leg, both 
arms and both hands. On the morning following the accident, he could move both 
lower extremities and by Nov. 19, 1952 he had regained control of his bladder. 

On Nov. 21, 1952 he was admitted to University Hospital, where it was noted 
that there was a good strength in the biceps muscle bilaterally but that the triceps 
muscles were paralyzed. Wrist extensors exhibited fair strength bilaterally with 
more strength on the right side. There was a very weak grip on the right side and 
no movement in the left hand. Weakness was present in both lower extremities with 
the left side definitely weaker than the right, but the tonus was normal bilaterally. 
There was analgesia over the radial aspect of both forearms and hands. Hypalgesia 
was noted over the forearms up to the C5 dermatome bilaterally. There was dis- 
sociated sensory loss over the hypalgesic areas in the arm. Motion sense was normal 
in both great toes. Deep pain was present on the left, but absent on the right side 
of the body. There was an absence of the triceps reflex, but the biceps, patellar and 
Achilles reflexes were equal and active, with negative pyramidal tract signs in the 
upper extremities and a positive extensor plantar reflex on the left. An equivocal 
extensor plantar reflex was noted on the right side. 

Cervical spine roentgenograms revealed anterior fracture-dislocation of C4 verte- 
bral body on C5, and C5 vertebral body on C6, with a decrease in height of the 
interspace at C6—C7, and impingement posteriorly on the canal by the laminae 
(Fig. 14). 

Vinke tongs skeletal traction was applied with 30 pounds of weight accomplishing 
about 90 per cent reduction. On Dec. 1, 1952 definite horizontal nystagmus was 
observed bilaterally. Examination on Dec. 17, 1952 revealed hypalgesia on the right 
from C5 through C8, and on the left from C6 through C8. Light touch was present, 
but diminished over these areas. There was hypalgesia over the right lower ex- 
tremity with a vague sensory level just above the knee. 

On Dec. 17, 1952, spinal fusion was performed from C3 through T1 spinous 
processes. Postoperative films showed stability and satisfactory alignment. Three 
months later there was no neurological residual. 
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Fic. 14. Case 7. Lateral roentgenogram with arrows indicating fracture-dislocation at C4—C5 
and C5-C6 interspaces. 


Comment. This patient had central cord edema on a different basis from 
the other cases described above. It is believed that there was a flexion injury 
with some degree of anterior cord compression by the fracture-dislocation 
at C4—C5, and C5—C6, with the vertebral body of C5 being displaced pos- 
teriorly into the spinal canal. Because of the staircase effect of the multiple 
fracture-dislocations, it was felt that the laminae at C6 might have caused 
some degree of posterior counterpressure upon the cord. Central cord com- 
pression occurred over a span of several segments. This resulted in edema 
rather than destruction. The usual pattern of return of function was similar 
to that noted in the preceding cases of hyperextension. 

This case indicates that the lateral spinothalamic tract was more involved 
on the left than on the right, with extension of the lesion into the most lateral 
portions of the cuneatus, pyramidal and spinothalamic tracts, sparing the 
gracilis and cuneatus tracts. It stresses the obliquity of the pattern of seg- 
mental arrangement in the posterior columns. 
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Case 8. R.S., an 18-year-old college student, was involved in an automobile acci- 


dent at 1:15 a.m. on Oct. 18, 1953. He was thrown from the car when it overturned. 


‘pon regaining consciousness he was unable to move all of his extremities. 

On arrival at University Hospital an hour after the accident, examination of 
he cranial nerves revealed no abnormalities. The biceps muscles were definitely 
veak. The triceps and all hand muscles were totally paralyzed bilaterally. There 
vas slight motion of the internal rotators and flexors of the left hip, with much less 
nternal rotation in the right hip. All movements of the knees, ankles and toes were 
ibsent bilaterally. The patient’s breathing was entirely diaphragmatic. There was 
omplete loss of pain and temperature sensation to the C6 dermatome bilaterally. 
Jeep pain sensation could be localized in both legs and arms, but it was very poorly 
licited in the right leg. Light touch was partially localized on the left side of the 
ody but was vague on the right. Position sense was poorly localized. There was no 





Figs. 15-17. Case 8. (15) Anteroposterior cervical roentgenogram with arrow indicating disruption 
of the right articular facets. (16) Greenstick fracture of the odontoid process with tilt toward the right 
side. (17) Lateral cervical roentgenogram demonstrating the fracture of the odontoid process and uni- 
lateral fracture-dislocation of C6 vertebral body anteriorly on C5. The latter is apparent from the dis- 
crepancy in degree of rotation between the upper and lower portions of the spine. 


evidence of a definite sweating level. The biceps reflex was more active on the right 
than on the left. Triceps, radial-periosteal, knee and ankle reflexes were absent 
bilaterally. Abdominal and cremasteric reflexes could not be elicited. There were 
positive extensor plantar reflexes. Priapism was noted. The bladder was atonic and 
upon catheterization, 300 cc. of urine were obtained. 

On the anteroposterior roentgenogram, the pedicles of C4, C5 and C6 seemed to 
be comminuted on the right side and dislocated, but their counterparts on the left 
side appeared intact (Fig. 15). Open-mouth roentgenograms of the cervical spine 
showed a greenstick fracture of the base of the odontoid process, so that a major 
portion of it was avulsed on the left side, but on the right the process was intact 
(Fig. 16). On the lateral view this structure seemed to be displaced about 3 mm. 
posteriorly. There was no significant displacement of C1 on C2. The C4 vertebral 
body was compressed with slight anterior dislocation on the C5 vertebral body. On 
the lateral cervical spine roentgenogram a bony spur projected into the canal at 
(4—C5 and there was a unilateral fracture-dislocation (Fig. 17). 
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At 4 a.m., Vinke tongs were inserted and 25 pounds of traction were applied. 
Immediately thereafter there was some improvement in the motor power of the left 
leg. Nine hours after injury the patient had shown considerable increase in motor 
power in the hip flexors of the left leg with little change in the right leg. Strength was 
not increased in the upper extremities. Motion and position sense were now accu- 
rately perceived in the left foot. Pressure and touch were much better localized 
between T3 to L3 dermatomes, but pin prick was absent or poorly localized. Vibra- 
tion was preserved over both ankles, and the Achilles reflex was now present bi- 
laterally. (Two hours prior to this examination it had been absent.) Positive ex- 
tensor plantar reflex persisted bilaterally. A lumbar puncture performed 36 hours 
after injury revealed a normal WBC count and clear spinal fluid with no evidence 
of any blockage of the subarachnoid space on the jugular compression test. 

On Nov. 16, 1953, an iliac bone graft spinal fusion was performed including C2 
through C5 spinous processes and laminae without laminectomy and exploration of 
the spinal cord. 

Six months after injury, on Mar. 10, 1954, the patient was able to walk with 
crutches using all four extremities moderately well except for the finer movements 
of the right hand which had recovered only 10 per cent of normal function. Strength 
in the left hand was only 65 per cent of normal. Recovery of motor power in the 
lower extremities had far surpassed that in the upper ones. There was a level of 
hypalgesia on the left side of the body to the T2 dermatome. The deep reflexes were 
symmetrically hyperactive with bilateral extensor plantar reflex. 


Comment. This patient showed a typical acute central cervical cord in- 
jury. There was a marked contusion over the left frontotemporal area sug- 
gesting that the head and the neck were thrown backward in hyperextension. 
The odontoid process was tilted so that it was avulsed on the left side and 
still partially intact on the right. It was also observed that the fracture-dis- 
location at C4—C5 was unilateral and right-sided, and that the facets at this 
location were apparently intact. This indicated a blow to the left frontal area 
with a contrecoup unilateral dislocation and hyperextension type of cervical 
spine injury so that damage was most marked to the right side of the spinal 
cord. This would account for the residual Brown-Séquard pattern with the 
severe pyramidal tract signs on the right side. It will be noted that the pa- 
tient initially had no movement in all four extremities and that internal rota- 
tion rapidly developed in the left hip, followed by flexion and extension of 
the left hip, thigh, leg and foot, and movement of the toes. The right lower 
extremity had shown merely right internal rotation. We believe that this pa- 
tient has shown a marked return of function indicating a lesser degree of 
hematomyelia than edema. Swelling started to subside promptly and the ap- 
pearance of function in the lower extremities was soon followed by return of 
bladder function and finally upper extremity movement. Recovery of finger 
movements, particularly on the right side, has been the very last function 
to reappear. 


Case 9. G.S., a 49-year-old man, had suffered from arthritis of the cervical spine 
for 10 years. He retired at 1 a.m. on Oct. 17, 1951, after drinking a large quantity 
of beer. A few hours later he awakened, rose from his bed, and fell down a full flight 
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' stairs. Upon regaining consciousness a few,minutes later, he could move only his 
pper arms slightly, but shortly thereafter became completely paralyzed in all four 
<tremities. 

The patient was transferred to University Hospital where he was found to be 
ell oriented and cooperative. His neck was rigidly locked in hyperextension, so 
1at the head remained elevated several inches above the table even after all support 
as withdrawn from under it. Palpation posteriorly over the cervical spine elicited 
iarked tenderness at the C4 spinous process. There was a loss of all sensory modali- 
ies to the C4 dermatome on the right and C5 on the left. All four extremities were 





Fics. 18-20. Case 9. (18) Lateral roentgenogram showing a severely comminuted hyperextension 
injury of cervical spine with fracture-dislocation of C4 vertebral body anteriorly on C5. (Retouched) 
19) Autopsy specimen exhibiting the markedly constricted spinal cord at C4—C5 interspace. (20) Multi- 
ple transverse sections of spinal cord with the uppermost one at the top of the specimen and the lower- 
most fully 6 neural segments below site of constriction. Central cord destruction may be seen throughout 
the entire specimen. 


completely paralyzed. The right triceps and radial-periosteal reflexes were intact, 
but otherwise there was complete areflexia with no pathological reflexes. 

Roentgenograms of the cervical spine showed pronounced comminution and 
fracture-dislocation of C4 vertebral body anteriorly on the C5 vertebra (Fig. 18). 

Crutchfield skeletal tong traction was applied after placing the patient on a 
Stryker frame. The intercostal muscles had been immediately paralyzed, and 
gradually the diaphragmatic respirations became more labored. The patient suc- 
cumbed at 4 A.M. on Oct. 20, 1951. 

Autopsy disclosed a severe crushing destruction of the cervical cord immediately 
at the site of fracture-dislocation, with central cord destruction several segments 
above and below the site of the injury (Figs. 19 and 20). 


Comment. The roentgenograms demonstrate clearly that the injury oc- 
curred in hyperextension resulting in a complete crushing of the spinal cord 


at the C4—C5 interspace. The fracture-dislocation of the arthritic spine could 
have caused anterior cervical cord compression while hyperextension could 
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have effected posterior cord compression by the ligamentum flavum or the 
overlying laminae. There was complete pulping of the spinal cord with cen- 
tral extension of damage, both cephalad and caudad over a distance of seven 
or eight cord segments. With cephalad extension the residual functioning 
diaphragmatic neural segments were compressed and death occurred from 
respiratory failure. 

DISCUSSION 

Upon reviewing the 6 cases abstracted from the literature and the 9 cases 
presented by the authors, the majority of the group have had several im- 
portant factors in common: 

1. Most of these patients showed evidences of acute central cervical cord 
injury characterized by more motor impairment in the upper extremities 
than in the lower ones. Foerster” placed the sacral segments as the most lat- 
eral component of the lateral corticospinal tract, with the lumbar, thoracic, 
and cervical components arranged in that order proceeding medially toward 
the central canal (Fig. 21). As edema subsides recovery of function follows 
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Fig. 21. Cervical spinal cord section at C5 level illustrating the localization within 
the various fiber tracts. 


a definite pattern with motor return in the lower extremities first, bladder 
function next, and finally movement in the upper extremities with finger mo- 
tion recovering last. From our experiences with Cases 2 and 8, the fibers to 
the internal rotators of the hip seem to be the most lateral in the pyramidal 
tract and those for the finger movements are the most medial. The fibers 
controlling motor and sensory conduction of impulses to the bladder appar- 
ently either lie somewhere between these extremes or are more refractory to 
damage than those of the lower extremities. 

It is conceivable that the acute central cervical cord injury pattern might 
be responsible for the complete recovery reported in a few patients who have 
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had a brief but total tetraplegia. For this to occur some degree of motor func- 
ion probably must return within a few hours after injury. 

This type of injury may also account for the patient who has a “‘com- 
plete” tetraplegia with loss of all sensory modalities but still exhibits deep 
eflexes in the lower extremities or perhaps a flicker of voluntary motion in 
he feet, which has on occasion been called “reflex activity.”’ The latter des- 
gnation had been incorrectly made since the transected spinal cord at that 
stage would be presumably in the stage of “‘spinal shock.” If the central dam- 
ige, hematomyelia, increases, these neurological findings may disappear, and 
iecasionally may lead an examiner to doubt whether these unusual signs had 
been elicited originally. 

2. Segmentation within the sensory fiber tracts is also demonstrated in 
the diagram (Fig. 21). It will be observed that there is considerable obliquity 
f the distributions for various regions of the body rather than the usual 
ibitrary perpendicular divisions of the posterior columns seen in so many 
anatomical sketches. From our findings in Case 1, and several other cases of 
cord injury seen in the past, we are inclined to feel that at least a part of the 
vibration sensation is carried in the ventrolateral white matter of the spinal 
cord instead of the posterior columns alone. This tends to confirm the work 
of Petrén.” 

3. Facial abrasions, contusions and lacerations or the history of striking 
the forehead suggest a hyperextension type of injury. 

4. Acute central cervical cord injury is apt to occur most frequently in 
hyperextension injuries, particularly in the older age group when there is con- 
comitant cervical arthritis and often no evidence of bony damage. However, 
the syndrome also does occur more rarely in certain hyperextension injuries 
with fracture-dislocation or compression fracture of the cervical spine, and 
on one occasion we have seen it in an unusual flexion fracture-dislocation 
(Case 7). 

5. In 2 cases in this series head injury has been observed with contrecoup 
hyperextension injury to the cervical spine and spinal cord (Cases 3 and 8). 

6. In those cases in which postmortem examination was made cord dam- 
age was tubular, central and extended over several cervical segments. 


MECHANISM OF INJURY 


It is believed that Bennett in 1859‘ was the first person to make the ana- 
tomical observation that central hematomyelia of the cord could occur with- 
out any significant injury to the bony spine. He described the case of a 
drunken woman, who was kicked in the back of the neck by her husband. 
The blow resulted in immediate paralysis of all four extremities. The patient 
died 4 days later and at autopsy a clot of blood about the size of a pea was 
found in the center of the cord immediately below the medulla oblongata. 
The external portion of the cord and the vertebral bones were unaffected. 
Other extensive reports on either traumatic or spontaneous hematomyelia 
have been made by Benda,’ Bufe,* Cohn,® and Schlesinger.”! 
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Marty” reported a group of 78 cases of “‘traumatic hematomyelia, ’ 
which he had collected from the literature. These were broken down into th: 
following categories: fracture of the spine 7, dislocations 2, injury wound; 
without fracture or dislocation 25, violent muscular effort 8, traction on th: 
limbs 3, dystocia 7, abrupt variation in blood pressure 14, and secondary ef- 
fusions 12. Upon reviewing his paper carefully, one realizes that a fairly hig); 
percentage of these patients must have had some type of a vascular abnor 
mality or other cord lesion that ruptured upon effort. It is very difficult tv 
say how many of them sustained hematomyelia from an actual traumatic 
lesion to the spine without any fracture or dislocation. 

However Marty’s paper does call attention to the fact that some of his 
cases of hematomyelia might have resulted from some type of stress or com 
pression of the spinal cord by a soft-tissue structure. Since no abnormality is 
visualized in the roentgenogram of the spine in many instances, the two 
most likely soft-tissue etiological agents are the sudden protrusion of an in. 
tervertebral disc or a wrinkling of the ligamentum flavum in cases of hyper 
extension of the cervical spine. 

Middleton and Teacher,”! Goldthwait,” Brooke,’ Schneider,” and Sy- 
monds,”® have reported cases of acute paraplegia secondary to acute hernia- 
tion of an intervertebral disc. Cramer and McGowan"? have emphasized the 
importance of so-called “recoil” injuries of the spinal cord and the role played 
by the intervertebral disc. The authors believe that ruptured intervertebral 
dise injuries are more apt to occur in acute flexion injuries of the cervical 
spine in which there is a sudden squeezing of the dise posteriorly into the 
spinal canal, resulting in contusion of the cord with an anterior cervical cord 
injury pattern. 

For an understanding of one of the main mechanisms responsible for the 
acute central cervical cord injury syndrome, the highly important contribution 
made by Taylor*® should be emphasized. He has shown that there may be ex- 
tensive impingement of structures into the cervical canal without damage 
to the vertebral column. Taylor believes that “the injury is caused by hyper- 
extension of the cervical spine without temporary dislocation, and the agent 
which impinges upon the cord is the forward bulging ligamentum flavum.” 
He performed pantopaque cervical myelography on cadavers with normal 
cervical spines, taking roentgenograms in marked flexion, neutral, and 
forced hyperextension positions of the cervical spine (Figs. 22, 23, 24). In the 
last position a series of indentations appeared on the posterior surface of the 
spinal column opposite the interlaminar spaces. The defects appeared to be 
caused by the inward bulge of the compressed ligamentum flavum so that 
the outline of the canal was narrowed by at least 30 per cent posteriorly. If 
the same technique was employed when there was osteophyte formation on 
the posterior margin of the cervical vertebral bodies in senile spines, Taylor 
showed that these fixed protrusions further markedly impinged upon the 
anterior portion of the spinal canal (Fig 25). In the cervical cord injury pa- 
tient, this would result in a pinching or squeezing type of compression. 
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Fias. 22-25. Cervical myelograms performed on normal cadavers by A. R. Taylor. (22) Neutral posi- 
tion. (23) Flexed position showing no defect in pantopaque column. (24) Forced hyperextension demon- 
strating posterior indentations on the column at C3—C4, C4—C5, and C5-C6 interlaminar spaces, prob- 
ibly by ligamentum flavum. (25) Cervical myelogram in hyperextension made on cadaver with hyper- 
rophic spurring at C4-C5, C5-C6 and C6-C7, illustrating potential impingement on column anteriorly 
plus posterior compression of the medium posteriorly by the ligamentum flavum. (Reprinted by courtesy 
f Dr. A. R. Taylor.*°) 


Kahn" has called attention to the réle of the dentate ligaments in re- 
straining the spinal cord over calcified lesions of the cervical area, resulting 
in chronic anterior spinal cord compression. Since publication of this article 
there have been numerous reports dealing with the problem of the neurologi- 
cal manifestations of cervical spondylosis.?*:**.?" These arthritic spurs may 
also play a vital part in acute spinal cord injuries. 

It is apparent that the cervical spinal cord may be simultaneously com- 
pressed by an arthritic spur or a disc, either protruded or calcified, and the 
ligamentum flavum both from the anterior and posterior direction, respec- 
tively, without distortion of the bony spine. 

In an attempt to reconstruct the stress problem in hyperextension cervi- 
cal spinal cord injuries, one of us (HP) constructed a model of a transverse 
section of the cervical spinal cord, using foam rubber for the cord. This was 
surrounded by a firmer layer of rubber to represent the pia mater and den- 
tate ligaments. A pattern representing the gray matter and fiber tracts was 
sketched on the model prior to compression in semicircular vise-like jaws 
(Fig. 26). 

The model was then studied in degrees of compression and repose. First 
a transparent grid was placed on the model before compression and then the 
distorted grid was drawn directly on this superimposed grid. The degree of 
displacement of the points assumed to be proportional to the magnitude of 
the stresses was measured and plotted to form the curves obtained below. 

In studying the compressed section (Fig. 27) it became apparent that 
several stresses were set up. 

1. Anteroposterior compressive stresses (Fig. 28). 

2. Longitudinal tensile stresses caused by postero-anterior displacement 
of nerve fibers with extension of damage in both cephalad and caudad 
sections (Fig. 29). 
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Fies. 26-27. (Above) Model of cross section of cord with pathways shaded. (Below) Model compressed 
both by an anterior and posterior force, demonstrating the distortion of spinal cord fiber tracts. 


3. Longitudinal tensile stresses set up by lateral displacement of the 
nerve fibers (Fig. 30). 

4. Torsional stresses in posterolateral and anterolateral areas (Fig. 31). 

The model shows that the predominant stress is the anteroposterior compres- 
sive stress. Its magnitude diminishes laterally as indicated by the length of 
the arrows (Fig. 28). 

The longitudinal tension set up by the postero-anterior displacement of 
fibers when the cord is compressed is a secondary effect (Fig. 29). This stress 
diminishes proportionately as one recedes from the maximum stress area 
(shaded). Since the cord substance of the dorsal and ventral white columns 
forms a loose mesh more damage can be expected in these areas from the ten- 
sile forces than from the compressive forces. The brittle or inelastic elements 
can slip by each other to escape immediate compression, but the tensile 
forces act as soon as the fibers are displaced and thus failure in tension is 
more likely. 

Since there is very little displacement around the central canal the gray 
commissure fibers are not subjected appreciably to tensile stresses and avoid 
the great compressive stresses by slipping in this loose medium. Also because 
the ventral notch in the cord displaces the maximal compressive stresses 
slightly to the left and to the right of the midline, the fibers are spared fur- 
ther. 

In examining the lateral regions of the spinal cord it will be noted that 
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ihe compressive stresses decrease rapidly as the outer portion of the cord is 
ipproached (Fig. 28). In the hand and arm region of the pyramidal tract, 
‘or example, the compressive stresses are about five times greater than those 
in the leg portion. This can be seen when the lengths of the arrows are added. 
The ratio of the tensile stresses caused by postero-anterior displacement of 
ibers in these regions is much less than the compressive stress ratio. 

The tension set up by the lateral displacement of the fibers (Fig. 30) is 
small compared to the two stresses mentioned above. Little damage can be 
‘xpected from this force unless the fibers are very brittle or inelastic. This is 
uso true for the torsional stresses (Fig. 31) resulting from the angular dis- 
placement of the nerve fibers when the cord is compressed. It should be men- 
‘ioned that the more the compressing jaws approach a wedge shape the great- 
‘r become the torsional stresses. 

In summary: in the lateral white columns, because of the crowding of 
tibers, compressive stresses are more damaging than the other stresses in the 
sagittal direction, since they involve the most anterior regions of the lateral 
spinothalamic tracts and the most medial regions of the lateral corticospinal 
tracts. The tensile stresses, although minor, are more likely than compres- 
sive stresses to cause damage in the ventral and dorsal white columns. The 
torsional and tensile stresses can be held responsible for the caudad and 
cephalad extension of damage. 








Figs. 28-29. (Above) Diagram illustrating an- Fics. 30-31. (Above) Longitudinal tensile 
teroposterior compressive stresses. (Below) Longi- stresses set up by lateral displacement of nerve fi- 
tudinal tensile stresses caused by postero-anterior bers. (Below) Torsional stresses in posterolateral 


displacement of nerve fibers with extension of dam- and anterolateral areas. 
age in both cephalad and caudad segments. 
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The model described above obviously does not take into consideration 
numerous important structural features found in the spinal cord. No note 
has been made of the fact that the major portion of the vascular supply of 
the anterior two-thirds of the cord is primarily derived from the anterior 
spinal artery, and that the very presence of these structures may lend an in- 
creased consistency to this area. The central canal permits adjustments of 
pressure with different degrees of compressibility and, as a result, the pain 
and temperature fibers which cross beneath this zone may not necessarily 
be destroyed in spite of the marked stress applied to them. The part played 
by variations in size and type of fibers, particularly with regard to sensory 
conduction, is important. It should also be noted that the sensory fiber 
tracts in general lie well out toward the periphery of the cord so that the 
pathways themselves may merely suffer from edema, rather than undergo 
complete destruction. As a result, many of these patients do not show the 
complete sensory deficit that one might anticipate. 

PATHOLOGY 

For years observers*:!*:*5:34 have stated that hematomyelia is more prone 
to occur in the central gray matter of the spinal cord where the tissues have 
a relatively looser texture and less supporting strength than in the surround- 
ing white matter. The hemorrhage may progress centrally through several 















































Fig. 32. Diagram demonstrating the extent of central spinal cord damage in experimental crushing 
injuries to the cord. The arrow indicates the point of cord compression but generalized central pulping 
of the cord extends both cephalad and caudad for several segments. (Reprinted by courtesy of Dr. J. F. 
MecVeigh.'’) 


segments causing compression of the white matter. This has been beautifully 
illustrated in the work of McVeigh’® on experimental cord crushes with the 
extension of a longitudinal force resulting in pulping along the central canal 
of the cord over several segments both cephalad and caudad to the injury 
(Fig. 32). If damage is sufficiently severe there may be associated destruction 
of the white matter. The surrounding tissues exhibit edema with fragmenta- 
tion of the myelin and the nerve cells may be injured to varying degrees. 
This diffuse damage had been attributed previously to anterior spinal artery 
thrombosis. Allen’ has demonstrated experimentally that the degree of re- 
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covery is proportional to the amount of edema present compared to the 
amount of destruction. 

In 1915, Holmes," discussing concussion of the spinal cord, observed that 
even though there was no fracture or dislocation of the spine in some spinal cord 
injuries, there was either no gross evidence of damage to the cord or a uniform 
swelling opposite the point of impact. He agreed with Fickler that, since the 
spinal cord was bathed in cerebrospinal fluid, it could oscillate back and 
forth with trauma to the vertebral column. Since oscillation of the cord will 
be asynchronous with that of the bony spine, the spinal cord will impinge 
upon the spine with resultant bruising. Simultaneously the sudden jarring 
of the spinal cord will produce physical disturbance in the tissue “especially 
in the fluid axioplasm of its fibers.’’ This explanation leaves much to be de- 
sired. From the following description by Holmes of the microscopic sections 
in eases of concussion, the authors feel that the pathological findings may 
well apply to hyperextension of the spine with a sudden squeeze of the cord 
is a result of simultaneous anterior and posterior cord compression. 

In Holmes’ spinal cord cases of concussion, the most remarkable change 
noted microscopically was the edema throughout the affected segments. This was 
pronounced at the site of impact. In some cases there was complete destruction 
of certain tracts. Usually only a part of the fibers in the affected tracts had 
been completely destroyed, but in the remainder of the fibers the myelin 
sheaths and the axis cylinders were swollen. In the gray matter there were 
focal areas of softening usually unassociated with the hemorrhages which 
themselves had peripheral zones of neuronal degeneration. 

These pathological findings of severe edema would account for the initial 
presence of neurological signs and symptoms which later subsided in the 
hyperextension injuries that we have presented. Thus far we have not had 
sufficient pathological material of our own to confirm these beliefs. 

No attempt has been made to present the chronic sequelae of central 
cord damage or its therapy. These have been reserved for a later paper. 

TREATMENT 

The recognition of the syndrome of acute central cervical cord injury is 
important, for if these symptoms are found surgical intervention is contrain- 
dicated. The following reasons are listed: 

1. Spontaneous recovery may occur. In 1918 Frazier observed that 
‘“hematomyelia uncomplicated and dissociated from any other effect of the 
injury is not an operable lesion.”’ He did not indicate how such a diagnosis 
could be made with certainty. The acute central cervical cord injury syn- 
drome suggests the presence of hematomyelia or/and edema. In our Cases 
3, 5, 6, 7 and 8 partial to complete recovery occurred without exploration or 
without surgery on the spinal cord itself. 

2. Decompressive laminectomy is futile because in most instances in 
which the acute central cervical cord syndrome is present there is no sub- 
arachnoid block to overcome. The presence of a complete block on the 
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Queckenstedt test is one of the criteria for operation listed by most neuro- 
surgeons. In 7 of our 9 patients lumbar puncture was performed at varying 
intervals after the patient’s injury. In spite of the severity of damage to the 
cord, there was no complete blockage in the subarachnoid space on the jugu- 
lar vein compression test. Instead of swelling occurring only at the point of 
impact in these cases, it is distributed centrally or tubularly throughout 
several segments of the cord. As a result there is no block. 

One must decide whether cervical myelography should be performed. 
The manipulation necessary to obtain a successful cervical myelogram re- 
quires acute hyperextension of the cervical spine so that the radio-opaque 
medium will not pass upward through the foramen magnum. Since in a fairly 
large number of patients the spinal cord injury developed in hyperexten- 
sion, cervical myelography might further damage an already compromised 
spinal cord. This is, of course, also true for those patients who have this pat- 
tern, but have sustained their injuries either in hyperextension or in flexion 
with associated fracture-dislocation of the cervical spine. In addition to the 
dangers of performing myelography there is the fact that the procedure is 
only of questionable value in patients with this syndrome. Pathologically 
the cord may show no gross lesion on the surface, or there may be slight local 
swelling both proximal and distal to site of the lesion. The myelogram, there- 
fore, may show no lesion, single extensive midline involvement, or several 
midline defects. 

3. Pial incision over the dorsum of the involved cord has been advocated 
in hematomyelia to relieve spinal cord swelling. If this procedure had been 
attempted in the cord visualized in Case 1 (Fig. 3) it would have been virtu- 
ally impossible not to start accidental hemorrhage and further injury to the 
spinal cord. 

4. Myelotomy in these cases of acute central cervical cord injury may 
cause not only disruption of normal vessels but also may damage an edema- 
tous but otherwise normal cord. Frazier emphasized that the hemorrhagic 
areas in hematomyelia were multiple and of small dimensions and were dis- 
tributed through several segments so that removal was not feasible. The 
authors agree with this policy. The problems related to myelotomy are readi- 
ly apparent upon observing the figures in Cases 1, 4, and 9. 

From an historical standpoint it should be noted that this conservative 
approach is in direct contradiction to the reports of other clinical and experi- 
mental observers. In man, Elsberg" believed that in the rare case in which 
hematomyelia was diagnosed an incision of the dorsal column should be 
made. In lecturing on spinal injuries in warfare, Holmes!* commented that 
in contusion injuries, for a myelotomy to be successful a longitudinal incision 
of the cord must be done within a few hours after infliction of the injury. 
‘This is rarely possible in warfare, the early symptoms are so equivocal that 
if resorted to more harm than good might easily be done.” 

Three interesting articles have been written about the experimental pro- 
duction of acute crush injury to the spinal cord and its treatment. As a result 
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of his classical experimental work Allen! believed that symptoms produced 
by severe contusion of the spinal cord could be relieved by laminectomy and 
incision of the dorsal columns with drainage of edematous and hemorrhagic 
intramedullary tissue. This permits expansion or decompression of the re- 
sidual intact spinal cord fibers. Freeman and Wright" presented experimen- 
tal work similar to Allen’s and, in carefully controlled studies, discovered 
that there was symptomatic improvement in animals with cord contusions 
when laminectomy with pial incision and dorsal myelotomy was performed. 
In an excellent paper which has not received sufficient attention in the litera- 
ture on the subject, McVeigh!® estimated that edema comes on within 8 
hours and increases with the length of time that the animal survives. He in- 
dicated that time is a factor and marked intrapial pressure is developed as a 
result of this edema. “This becomes apparent when the dura and pia are 
incised and this pressure is released. Judging from the cases in which the dura 
was nicked, it seems that the operative procedure would cause a further de- 
struction of cord without relief of edema in the areas of the cord often af- 
fected. The release of pressure seems to have no effect in checking edema 
formation.” 

5. Exploration further disabled one of our two surgically treated patients 
(Cases 1 and 2) in whom there was no visible bony damage. It was believed 
that this was caused by manipulation of the cord at operation in our attempt 
to cut the dentate ligaments and explore anterior to the cord. The slightly 
impaired lower extremity components of the lateral corticospinal tract lie 
near the surface of the cord and even slight pressure was probably sufficient 
to cause complete impairment of function. 

In the conservative treatment of those patients who have no bony dis- 
tortion of the spine it is probably most satisfactory to merely place the pa- 
tient in a neutral position with traction applied in the plane of the body un- 
til cord swelling or edema has subsided. Hyperextension must be carefully 
avoided for fear of causing more damage to the cord with cephalad extension of 
edema, possibly resulting in respiratory embarrassment and death. Traction 
may be replaced by a firm fitting collar after 4 or 5 weeks. If the syndrome is 
associated with a fracture-dislocation, a cervical fusion may eventually be 
necessary. It is wise to wait, if possible, for a period of 3 or 4 weeks until there 
has been as complete a regression of cord edema as possible prior to exposing 
the cervical spine and inserting a bone graft. 

Since motor recovery, if it occurs, is last to return in the fingers in acute 
central cervical cord injury above the C6—C7 interspace, it should be empha- 
sized that early adequate physiotherapy should be administered and con- 
tinued for many weeks to prevent contractures and periarthritis of the hands 
and arms. 

The prognosis in acute central cord injury is probably considerably su- 
perior to the outcome in those patients who have sustained an acute flexion 
injury with anterior spinal cord compression. In the central cord type of in- 
jury, there may be merely massive edema about some of the fibers with in- 








576 R. C. SCHNEIDER, G. CHERRY AND H. PANTEK 


complete destruction. These fibers are compressed rather than completely 
severed as so often occurs in acute cervical flexion injuries. 
SUMMARY 

There is a syndrome of acute central cervical spinal cord injury charac- 
terized by disproportionately more weakness in the upper than in the lower 
extremities with some impairment of the bladder. Associated pain and tem- 
perature loss is found in early phases and in the more severe cases there may 
also be impairment of touch, motion, position and vibration sensations. 

The prognosis for patients with such symptoms and lesions may be rela- 
tively good with motor power returning in the lower extremities first, blad- 
der function recovering next, and finally movement in the upper extremities. 
The motion of the fingers is the very last to return. Sensory recovery does not 
pursue an orderly pattern. 

The degree of recovery is directly proportional to the amount of edema 
as compared to hematomyelia, ranging from complete recovery to total de- 
struction with ascending hematomyelia and death. 

The mechanism of production of such lesions is described with particular 
reference to hyperextension injuries of the spine. In a number of the cases 
cited, no bony injury to the spine but only bony spurring could be demon- 
strated either by roentgenogram or at operation; in others, certain types of 
fracture-dislocation or compression fracture of the cervical spine were pres- 
ent. 

The symptoms in acute central cervical spinal cord injury are caused by 
a compression of the spinal cord simultaneously from both anterior and pos- 
terior surfaces when hyperextension occurs, so that nerve fibers are not so 
apt to be totally disrupted as they are in acute flexion injuries of the cervical 
spine. 

Re-emphasis should be placed on the importance of noting the presence 
of facial injuries as an indication of possible acute hyperextension of the 
cervical spine. In some of these patients the acute central cervical cord in- 
jury syndrome will be found, and, if it is, surgical intervention is contraindi- 
cated. 

Nine cases of our own are reported in detail and 6 other cases selected 
from the literature which support the above theses are also presented. 

Two of the patients had injury to one side of the head resulting in hyper- 
extension of the neck and contrecoup cervical spinal cord injury. 

The authors wish to express their deep appreciation to Dr. Merle Musselman, 
Director of Surgery, Wayne County General Hospital and to Dr. Robert Bailey, 
Orthopedic Consultant to that institution, for the opportunity of reporting Case 3. 
Drs. John Webster and James Lofstrom of City of Detroit Receiving Hospital also 
have very kindly permitted the use of the same patient’s case history and roent- 
genograms. 
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RECENT favorable report’ advocating surgical occlusion of the anterior 
chorioidal artery for symptomatic relief of patients with parkinsonism 
led us to try this operation. Alteration in the frequency of tremor of 

the extremities contralateral to the side in which the artery was occluded 
was unique and prompted the present report. This unusual postoperative 
feature consisted of a reduction in rate of tremor to approximately one-half 
of that prevailing on the side unaffected by the procedure. The finding was 
present in 2 of the 5 patients thus far submitted to surgical occlusion of an 
anterior chorioidal artery. 


REPORT OF CASES 


Case 1. Bilateral parkinsonism of 30 years’ duration. Severe rigidity with minimal 
tremor. Surgical occlusion of right anterior chorioidal artery. Moderate reduction of 
rigidity and change in rate of tremor of extremities of the left side. 

Kings County Hospital, 53-45611. F.N., a 43-year-old male, was admitted on 
Oct. 1, 1953 with obvious signs of advanced parkinsonism. Following a bout of 
encephalitis in 1923, symptoms and signs of Parkinson’s disease developed. These 
gradually increased in severity until 1937, when walking became difficult. Rigidity 
progressed slowly to produce almost complete incapacitation and for this reason he 
was brought to the hospital. 

Examination. He was a well developed, poorly nourished male. Pupils were 
round, regular, equal and reacted to light and in accommodation. There was an 
external squint of the right eye caused by weakness of the right internal rectus 
muscle. Masked facies with infrequent blinking was present. Marked rigidity to 
passive movement was noted in the extremities of the left side and moderate rigidity 
on the right side. At irregular periods a rhythmic tremor with a rate of 4 to 6 per 
sec. was present in all extremities, more evident on increased emotional stress. 

Course. The patient was observed on the wards of the neurological service for 4 
months. He was confined to a wheel chair throughout the day. Occasional attacks of 
oculogyric crises were observed during this period. There were no gross changes in 
the general physical status. 

Operation. On Feb. 25, 1954, through a right frontotemporal craniotomy, the 
temporal lobe of the brain was retracted and the right internal carotid artery was 
exposed. The anterior chorioidal artery arose as a single trunk from the distal part 
of the carotid and shortly trifureated. The artery was occluded at the carotid by 
electrocautery and clips. Hemostasis was effected and the wound was closed with 
laver silk. 


578 








nal 


of 


on 

of 
ese 
lity 
he 


ere 

an 
‘tus 
- to 
lity 
per 


or 4 
s of 
s in 


the 
was 
art 

by 
vith 











NEURAL MECHANISM OF PARKINSONIAN TREMOR 579 


Postoperative Course. On the 1st day after operation lethargy prevailed but co- 
yperation could be gained on repeated commands. Tremor and rigidity were less in 
the left than in the right extremities. There was diminished response to pin prick 
mn the left side as compared to the right and weakness of both the left upper and 
ower extremities could be demonstrated. 

By the 5th postoperative day, the patient was alert enough to fully cooperate 
n examination. Tremor and rigidity were obviously less on the left than on the 
right side. A left homonymous hemianopsia was present, demonstrable by con- 
frontation. At this time the weakness and hypalgesia of the extremities of the left 
side were not as evident. 

On the 6th day, at irregular intervals, a difference in frequency of tremor of the 
lower extremities was observed. During these periods the rate of tremor of the right 
foot was 43 per sec., while that of the left was 2} per sec. and of greater amplitude 
Fig. 1). The rate of tremor of the upper extremities was equal. At times during the 
next month tremor of the extremities of the left side was absent, on occasions present 
ind equal in rate to that of the right side, and on other occasions occurring in bursts 
ita rate of one-half that of the right side. 
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Fic. 1. Electromyogram demonstrating frequency of muscle potentials of the extremities. The right 
leg has a frequency of 43 per sec. and the left leg of 2} per sec. 


On the 7th day it was noted that excessive quantities of water were being con- 
sumed. Urinalysis disclosed a specific gravity of 1006. The specific gravity of the 
urine recorded pre-operatively was 1024. The polydipsia and polyuria persisted for 
2 months. Oculogyric crises with the head and eyes turned to the right continued 
and there were bouts of uncontrollable loud crying necessitating isolation. 

After the 3rd postoperative week the hemianopsia was not present. The periodi- 
cal reduction in rate of tremor of the extremities of the left side, as described, per- 
sisted for 1 month after operation. 


Comment. This subject manifested the end stage of paralysis agitans, 
namely a hesitant, whispering, monotonous speech, masked facies, marked 
rigidity with a striking paucity of purposeful movements, and rhythmical 
tremor more noticeable during perturbation of the conscious state. After 
operation on the 6th postoperative day, the rate of tremor of the extremities 
of the left side was found at irregular intervals to be one-half of the rate that 








580 E. JEFFERSON BROWDER AND HARRY A. KAPLAN 


had existed in these parts prior to operation and one-half of that of the ex- 
tremity of the right side. The amplitude of the tremor on the side affected by 
operation was greater in the foot than in the hand, was abolished by purpose- 
ful movement and ceased temporarily after restraining the part. In other 
words, this modified tremor was identical with that commonly observed in 
any patient with parkinsonism with the exception of its rate. Rigidity was 
moderately reduced following operation and this has endured up to the pres- 
ent time (4 months). The incapacity of the patient to care for himself was 
the same following operation. 


Case 2. Bilateral parkinsonism of 9 years’ duration. Moderate rigidity and striking 
tremor. Surgical occlusion of the left anterior chorioidal artery. Postoperative reduction 
of rigidity and change in rate of tremor of extremities of the right side. 

Kings County Hospital, 54-10645. R.S., a 53-year-old male, was admitted on 
March 9, 1954 with obvious signs of parkinsonism. Nine years prior to entry tremor 
developed in the right upper extremity and 2 years later in the left upper extremity. 
Difficulty in gait had been present for 4 years before admission. Seemingly the dis- 
ease had gradually increased in severity since onset. Because of periodic bouts of 
weakness and falling he was brought to the hospital. 

Examination revealed a well developed, fully cooperative, fairly well nourished 
male. There was masking of the facies with infrequent blinking. He walked with 
short, rigid steps without swing of the arms. Tremor of moderate amplitude and at 
a rate of approximately 5 per sec. was present in all extremities. Rigidity was greater 
in the extremities of the right than in those of the left side. Purposeful movements 
were initiated less readily with the extremities on the right side. Tendon reflexes 
were equal bilaterally. Abdominal reflexes were weakly obtained on the left but were 
not present on the right side. Babinski toe sign was present on the right side. Although 
moderately incapacitated he was able to care for himself on the ward. 

Operation. On March 18, 1954, through a left temporal craniotomy, the temporal 
lobe was retracted and the left anterior chorioidal artery was occluded with cauteri- 
zation and three silver clips. 

Postoperative Course. On the 1st day after operation the patient was lethargic but 
when aroused was cooperative. A right homonymous hemianopsia could be demon- 
strated by confrontation. A right hemihypalgesia was present. There was mild 
paresis of the right upper extremity. Tendon reflexes were slightly more brisk on the 
right. Abdominal reflexes were not obtained bilaterally. The right Babinski toe sign 
was more easily demonstrated on the right than it was before operation. Rigidity 
was less in the extremities of the right than in those of the left side. Tremor in the 
extremities of the left, or side unaffected by operation, remained unchanged. At 
this time no tremor was demonstrable in the extremities of the right side. 

On the 2nd day, the hemianopsia remained the same; however the hypalgesia and 
paresis of the right side were less evident. Tremor of the right upper extremity was 
absent but the tremor in the right leg had returned. Slight rigidity was present in 
the right upper but more so in the right lower extremity. 

The patient’s general condition gradually improved and he was out of bed on 
the 5th postoperative day. On April 4, the 17th postoperative day, tremor was 
sporadically present in the right upper extremity, appearing at a rate one-half that 
of the left side. Upon placing the forearms over the edge of an arm rest, with the 
hands hanging loosely, the modified tremor of the right hand could be accentuated. 
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Electromyograms demonstrated the tremor of the left upper extremity to be 5 per 
sec. and that of the right upper extremity to be 23 per sec. in frequency (Fig. 2). 
This reduction in rate of tremor on the right side persisted at irregular intervals for 
3 months. 

Comment. This subject was ambulatory, moderately intelligent and fully 
cooperative. Alteration in the tremor of the extremities of the right side, 
observed for the first time on the 17th day following operation, was at a rate 
one-half of that which existed pre-operatively, and was abolished by pur- 
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Fig. 2. Electromyogram demonstrating frequency of muscle potentials of the extremities. The left 
forearm has a frequency of 5 per sec. and the right forearm of 2} per sec. 


poseful movements. This postoperative modification in tremor was identical 
with that observed on the left side in Case 1. Rigidity in the extremities af- 
fected by the operation was favorably modified and this improvement has 
persisted up to the present time (3 months). In fact the clinical result of this 
patient is the most satisfactory of the 5 submitted to surgical occlusion of an 
anterior chorioidal artery. 
DISCUSSION 

The passive tremor of parkinsonism occurs at a rate of 4 to 6 per sec. as 
recorded in the electromyogram. Rarely the rate may attain 8 per sec. In a 
series of 41 patients, each of whom had a minimum of four electromyograms 
in a period of 3 months, the relatively constant rate of 4 to 6 per sec. has 
been demonstrated. So far as we are aware no explanation has been offered 
for the occurrence of the tremor of parkinsonism at a rate of 4 to 6 per sec. 
Not only is this small feature of the disease obscure but the pathophysiologi- 
cal mechanism responsible for the entire syndrome is unknown. Even so there 
is evidence to support the belief that an abnormal neural circuit responsible 
for tremor and rigidity of parkinsonism exists within the nervous system. 
In our clinic, areas that have been surgically altered for modification of trem- 
or and rigidity are the cortical motor mechanism and its immediate subcorti- 
cal projections, anterior limb of the internal capsule’? and the contiguous 
putamen, ansa and fasciculus lenticularis in the field of Forel H.*° zone irri- 
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gated by the anterior chorioidal artery, the cerebral peduncle at the level 
of the midbrain and the pyramidal pathway in both the cervical and lower 
thoracic spinal cord. It would therefore appear that all of these enumerated 
areas are concerned with an abnormal hypothetical circuit or pathway. The 
hypoxia subsequent to occlusion of an anterior chorioidal artery obviously 
implicates this pathway or pathways. Probably a sublethal injury to the cel- 
lular elements acting as a generator of the proposed circuit results in a slowing 
of the frequency of their firing. Although no one has demonstrated electrical 
activity in the brain that could be interpreted as the stimulus for muscle 
contraction regarded as a tremor, impulses, either inhibitory or facilitatory, 
must be responsible for the peripheral manifestation of parkinsonism. 

With only slight variation, the anterior chorioidal artery irrigates a small 
part of the uncus, the amygdaloid nucleus, passes through the posterior two- 
thirds of the posterior limb of the internal capsule to reach the subthalamus 
and mesial posterior part of the globus pallidus, entopeduncular nucleus of 
Papez, and then terminates in the chorioid plexus. All features considered, it 
would seem quite likely that the group of cells acting as a generator mechan- 
ism resides in the subthalamic zone. In all events a correct explanation for 
this reduction in rate of tremor to approximately one-half that which pre- 
viously existed will probably open the way for a more complete understand- 
ing of the neural mechanism of parkinsonism. 


CONCLUSIONS 


Two out of 5 patients with parkinsonism submitted to surgical occlusion 
of an anterior chorioidal artery (Case 1, right side—Case 2, left side) were ob- 
served during the postoperative period to have in the extremities of the side 
contralateral to the occluded artery a modification of the pre-existing tremor. 
By electromyographic studies it was demonstrated that the rate of tremor 
in the parts affected by operation was in the ratio of 1 to 2 as compared to 
that of the opposite or unaffected side. In one patient this phenomenon per- 
sisted intermittently for 1 month and in the other for 3 months. The areas 
potentially implicated on the basis of our anatomical studies of the anterior 
chorioidal artery are recorded. Evidence derived from our results of the sev- 
eral operations for the modification of tremor and rigidity of parkinsonism 
and from the observations herein recorded supports the idea that probably 
within the subthalamic area resides the “controlling” mechanism of parkin- 
sonism. 
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endocrine system. Neurohumoral mechanisms, though dispensable, 

are responsible for finer adjustments and for the integration of changes 
of glycemia in different patterns of response (sham rage, adaptation to cold, 
ete.4-4.18), Problems relating to this nervous regulation have been ap- 
proached on different occasions by studying abnormalities exhibited by pa- 
tients with neurological diseases.!:*:!?:23.28.29.31,33-37,39 The present paper de- 
scribes an attempt to find further proof of the participation of the central 
nervous system in the control of carbohydrate metabolism and, at the same 
time, obtain knowledge of the structures involved. As tumors appear at any 
age, in patients generally without other diseases and in practically any re- 
gion of the central nervous system, as they present a relatively well-known 
pathological physiology’ and as they permit verification, they offer the op- 
portunity of an analysis somewhat similar to that of a planned physiological 
experiment. We considered them, and a small number of other equally well- 
localized and verifiable lesions, as material better adapted to an investiga- 
tion of the problem than that presented by other pathological entities and, 
therefore, proceeded to study them accordingly. 

The correlation between localization of cerebral abnormality and asso- 
ciated disturbance of carbohydrate metabolism will necessarily have to be 
interpreted in a general way as neither radiologic nor operative observations 
are capable of elucidating, in a strict and detailed fashion, the entire extent 
and specific nature of neural structures that are involved. There exists the 
possibility, moreover, that these lesions may disturb function in the central 
nervous system through some mechanism that, as yet, remains obscure. 
These drawbacks, inherent in the handling of such clinical material, do not, 
in our opinion, proscribe its use for research analysis; nevertheless, they sug- 
gest that caution must be exercised in the interpretation of the available 
data. 


CC enter of carbohydrate metabolism is fundamentally a function of the 


MATERIAL AND METHODS 


All patients in this series were under the age of 66 to avoid the influence 
of senility on the glucose tolerance curve.® Also, patients who had a family 


* A brief abstract of this paper was published in Arch. Soc. Biol. Montevideo, 1953, 20: 72-73. 
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history of diabetes were excluded as were those who had evidence of hepatic, 
endocrine or any other disease that could alter the glucose tolerance curve. 
The general condition of all individuals studied was adequate, none being 
terminally or severely debilitated. 

As the study was undertaken to assess the influence of regional disturb- 
ances of the brain upon carbohydrate metabolism, the patients were divided 
into 2 groups. The first (Group I) contained only patients who had a disturb- 
ance of a lobe or part of the brain caused by the presence of a tumor mass 
that was later verified. The other (Group IT) contained patients in whom a 
lobe or part of the brain was isolated or resected operatively. Primarily, the 
patients of Group I, therefore, were studied pre-operatively while those of 
Group II were evaluated postoperatively. In certain instances, however, 
postoperative determinations were made in patients of Group I (5 cases 
marked with asterisks in Table 1) and pre-operative examinations in cases 
of Group IT for purposes of comparison. 

Group I was made up of 43 patients, each with a localized lesion in the 
central nervous system that was both confirmed and localized by radio- 
graphic procedures (5 cases), by operation (34 cases) or by autopsy (4 cases). 
Most of these patients had tumors (34 cases) but 3 had hydatid cysts, 1 a 
giant and partially thrombosed aneurysm of the temporal fossa, 1 a spon- 
taneous intracerebral hematoma, 2 platybasia with modifications of the cer- 
vical vertebrae, and 2 cervical spinal cord traumatic injuries. 

Group II consisted of 7 leucotomized schizophrenics, 2 cingulectomized 
idiots, and a patient who, because of a large oligodendroglioma, was sub- 
jected to a right temporal lobectomy; this patient was included in Group IT 
because she was not tested until after operation. 

In making a classification of lesions or operative isolation according to 
localization, we accepted the gross anatomical divisions of the brain in main 
lobes and added those special regions that gave characteristic clinical syn- 
dromes’ (corpus callosum, third ventricle, pineal body, suprasellar region). 
Admitting a possible functional significance,’ we subdivided the major lobes 
as follows: frontal into precentral and prefrontal (convexity, orbital surface, 
white matter), temporal into convexity, basal surface, white matter, and 
deep (in the region of the basal ganglia and region of the third ventricle), 
parietal and occipital into convexity and white matter. Other lesions in- 
volved the cerebellum, the cerebellopontine angle or the cervical spinal cord. 
When, as frequently occurred, the lesion occupied more than one of the 
schematic regions described, it was included in each of the corresponding 
groups. 

The same test was applied to all patients included in Groups I and II. 
The technique used for the glucose tolerance curve was that suggested by 
Levinson and MacFate.” For 3 days prior to testing, the patient was placed 
on a special diet that included an abundant supply of protein and carbohy- 
drate; no complementary medication was administered but the routine diag- 
nostic measures were performed. In patients subjected to pneumoencephalo- 
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graphy, the glucose tolerance curve was made 8 days after this procedure. 
After a fasting blood sample was taken by digital puncture, 1 gm. of glucose 
per kg. of body weight in a 30 per cent solution was given by mouth. Sub- 
sequently, samples were taken every 30 minutes till 3 hours had elapsed; in 
5 patients, samples were taken at fasting, and at 30, 60, 120, 180 and 240 
minutes. Glycemia was measured by the Hagedorn-Jensen procedure. The 
acceptable limits for variation for glycemia (mg. per cent) in normal cases 
were : 80-120 (fasting), 130-180 (30 and 60 min.), 100—150 (90 min.), 70-120 
(120-150 min.), 80-120 (180-240 min.). Urine samples were analyzed for the 


concentration of glucose prior 
to the test (spontaneous gly- 
cosuria) and the total amount 
of glucose excreted during each 
test period (glucose tolerance 
curve glycosuria). 

Abnormal curves were clas- 
sified according to their char- 
acteristic appearance into 6 
types: 

Type <A: hyperglycemia 
above the normal maximum 
(180 mg. per cent) which re- 
verted to normal levels within 
3 hours (Fig. 1A). 

Type B: hyperglycemia 
that did not exceed the normal 
limit of elevation but that did 
not return to normal levels 
within 3 hours (Fig. 1B). 

Type C: exaggerated and 
persistent hyperglycemia (Fig. 
1C). 

Type D: glycemia varia- 
tions that, when plotted (Fig. 
1D), exhibited a curve of the 
usual shape but that was so 
flat it did not exceed the limits 
accepted as normal for fasting 
glycemia (80-120 mg. percent). 

Type E: normal elevation 
followed by a marked hypo- 
glycemia (Fig. 1E). 

Type F: curve with mod- 
erate variation (Fig. 1F) but 
with unusual shape (retarded 


Glycemia (mgr. %o) Glycemia (mgr. Yo) 





Sp. glycosuria: 4.80grs.%oo Sp. glycosuria: tr. 
GTC ’ :12.60grs. GTC : 


Glycemia (mgr °%o) Glycemia (mgr. %o) 








Hours 
Sp. glycosuria: tr. Sp. glycosuria: tr. 
GTC : 3.5 grs GTC - tr 
Glycemia (mgr %/o) Glycemia (mgr. %o) 








Sp. glycosuria: 0 Sp. glycosuria: tr. 
GTC ” 9 GTC : oF 


Fic. 1. Different types of abnormal glucose tolerance 
curves. (A) Type A; (B) Type B; (C) Type C; (D) Type'D; 
(E) Type E; (F) Type F. Normal curves fall inside stippled 
area. Sp.=spontaneous. GTC=glucose tolerance curve. 
Tr.=traces. 
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TABLE 1 





| Glycosuria 
| Localization Glucose Fasting 
Spontane- | ‘Tolerance Glycemia 
| ous Curve 
| PREFRONTAL: 
Convexity 
| Tr. — 115 
| . — | ne 
| — — | 86 
| White Matter 
- ~- 99 
Bilateral 1.8 96 | 
W.M. & Cor. Cal. | — 4.4 119 
W.M. & Cor. Cal. _ it 81 
Tr. Tr. 95 
PRECENTRAL: | 
| ‘ so 104 
Prec.-Par.-Occ. — Tr. 97 
— at. 93 
| - Tr. | 97 
TEMPORAL: 
Basal surface 
B.S. & S. _ -- 88 
B.S. & S. Tr Tr. 80 
_— Tr 102 
White matter | 
W.M. & Par. | _ Tr. 101 
— Tr. 102 
W.M. & Par. | — 3.5 99 
| —_ Tr. 79 
Deep | 
1D.T.-Oce.-3rd v. Tr. Tr. 129 
-- Tr 102 
| _ ae 81 
PARIETAL: | | 
White matter | 
W.M. & Occ. | — — 95 
W.M. & Occ. | — — 131 
W.M.-Prec.-Oce. — Tr. 97 
W.M. & Temp. | — Tr. 101 
| W.M. & Temp. | -- 3.5 99 
| CORPUS CALLOSUM: 
Cor. Cai. & W.M. Pref. ~—- 4.3 119 
Cor. Cal. & W.M. Pref. — — 81 
OCCIPITAL: 
White matter | 
W.M. & Par. -— 95 
W.M. & Par. | — — 131 
W.M.-Prec.-Par. | ~- Tr. 97 
| W.M.-D.T.-Par. Tr. Tr. 129 
THIRD VENTRICLE: | 
In the ventricle | — — 63 
In the ventricle | - 77 
3rd v.-D.T.-Par. Tr. Tr. 129 


Glucose tolerance curves in cases of localized lesions of the central nervous system 





Type of 
Glucose 
Tolerance 
Curve 


ZBOPrO 
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Localization 


Glycosuria 


Glucose 


Fasting 





Type of 


Glucose 


| 
| 




















| Spontane- | ‘Tolerance | Glycemia Tolerance 
ous Comes Curve 
| PINEAL: 
95 | — — 104 F 
| SUPRASELLAR: 
47 — is 136 A 
86* | — Tr 84 E 
2 S. & B.S. Temp. — — 88 E 
99* | S. & B.S. Temp. Tr. Tr. 80 D 
| CEREBELLUM: 
a5 Tr. Tr 99 A 
32 Tr. Tr. 109 A 
40 | Tr. Tr. | 132 A 
52 | Tr. Tr. 124 Cc 
62 — — | 102 B 
ACOUSTIC NERVE: 
36 Tr. — 111 A 
63 Tr — 101 6 
80 —— Tr 90 N 
| SPINAL CORD: 
56 | Cr = 0.6 131 Cc 
72 | ci — — 104 B 
102 ca —_ 17 F 
54 C-4 Tr. Tr. 117 B 
89 C-5 = = 92 F 
5 D-4 ae ~ 140 B 
45 D-10 Tr. Tr. 99 F 















Prec. = Precentral 

Pref. = Prefrontal 
S.=Suprasellar 
Temp.= Temporal 

3rd v.= Third ventricle 
Tr.= Traces 

W.M.= White matter 


*=Cases studied postoperatively. 


B.S. = Basal surface 

C. = Cervical 

Cor. Cal. = Corpus callosum 
D.T.= Deep temporal 

D.= Dorsal 

Occ. = Occipital 

Par. = Parietal 


peak, second peak of equal or greater height, initial fall or “paradoxical” 
response). 

To summarize, Types A, B, and C showed a reduction in the tolerance 
for glucose and D, E, and F showed an increase; E and F also implied lability 
and “dysmetria”’ in the compensatory and regulatory mechanisms. 


RESULTS 
The results for Groups I and II are tabulated in Tables 1 and 2. 
Spontaneous glycosuria occurred unusually in association with supraten- 
torial or spinal lesions, although Case 37 with a bilateral tumor of the pre- 
frontal white matter was a notable exception. On the other hand, in 6 out 
of 8 cases of space-taking lesions of the posterior fossa there were spontane- 
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TABLE 2 


Glucose tolerance curves after various operative procedures 


Glycosuria 


Type of 














— Patient, Diagnosis Postop. iia Fasting Glucose 
Fee and Operation Day Spontane- re a Glycemia | Tolerance 
ous i Curve 
66 | F.M.T. Schizophrenia 
Leucotomy 8 — — 119 | c 
85 F.M.T. 92 = — 72 N 
74 nT. Schizophrenia 
Leucotomy | (Pre-op.) = Te. 70 D 
17 RT. 7 ~ -- | 124 N 
81 | BF. 415 — Te. | 70 N 
76 S.S. Schizophrenia | | 
Leucotomy 6 _ — | 95 B 
78 R.S. Schizophrenia — | | 
Leucotomy 7 92 B 
96 | R.F. Psychoneurosis | 
Leucotomy | (Pre-op.) 113 A 
13 | RF. | 60 7 N 
114 | E.A. Schizophrenia 
| Leucotomy | 29 - 101 N 
115 C.R. Schizophrenia | | | 
Leucotomy 127 110 N 
68 | J.C.F. Idiocy 
Cingulectomy (Pre-op.) | 110 N 
75 | J.C.F 18 | 92 N 
} | | 
| 
70 | A.L.S. Idiocy | 
Cingulectomy 13 | 111 N 
6 M.L.G. Right Temporal | | 
Lobectomy 10 95 N 


| | | : 
61 | M.L.G. 420 | 95 | N 


ous traces of glucose in the urine. Elimination of traces of glucose during the 
glucose tolerance curve had no major pathological significance. A more 
abundant elimination occurred in patients with lesions in the following local- 
izations: bilateral prefrontal white matter, prefrontal white matter, tem- 
poroparietal white matter, suprasellar and cervical at C1. 

Abnormal values of fasting glycemia were found in only 2 instances when 
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lesions involved the cerebral hemispheres and, with a somewhat greater fre- 
quency, when they occupied the posterior fossa or the spinal canal. In 2 
cases in which the third ventricle was involved, fasting glycemia was below 
normal and, in a third case, with a tumor in the same region, it was exceed- 
ingly high. 

Six patients in Group I exhibited normal glucose tolerance curve. The 
lesions in these patients were found to occupy the prefrontal (Cases 84 and 
107), precentral (Cases 92 and 109), parieto-occipital (Case 26) and ponto- 
cerebellar (Case 80) regions. The remaining 11 patients with disturbances in 
the prefrontal, temporal, parietal and occipital white matter and in the pre- 
frontal convexity exhibited diminished tolerance to glucose (abnormally high 
glucose tolerance curve of types A, B or C). Similarly elevated curves were 
found on 7 patients with tumors of the posterior fossa. When lesions occupied 
a region in the vicinity of the hypothalamus, patients so afflicted commonly 
displayed increased tolerance to glucose (abnormally low glucose tolerance 
curve of types D, E or F). The area of involvement in these instances was 
found to be the basal surface and deep substance of the temporal lobes, 
pineal body, suprasellar region and the third ventricle. 

Disturbances of the spinal cord were found to be unassociated with any 
consistent abnormality of carbohydrate metabolism as manifested by the 
glucose tolerance curve. In some instances decreased tolerance was found 
(Cases 56, 72, 54, 5), while in others, curves indicating an increased tolerance 
occurred (Cases 45, 89, 102). 

Prefrontal lobotomy was made in 7 schizophrenic patients in Group II. 
Glucose tolerance curve was made pre-operatively in 2 cases: in one of these 
(Case 74), an increased tolerance curve of Type D was exhibited while in the 
other (Case 96) a decreased tolerance curve was displayed (Type A). Exam- 
inations were made in the early postoperative period in 3 leucotomized pa- 
tients; all of these showed a decreased tolerance to the administration of glu- 
cose (glucose tolerance curve Types B and C). In the late postoperative pe- 
riod (after 13 days), glucose tolerance was normal in all of 5 cases tested. 

Cingulectomy was performed in 2 idiot children only 1 of whom was 
tested before operation. The glucose tolerance curve of these patients was 
normal in each instance. The patient in Group IT who had a temporal lobec- 
tomy showed no abnormality of her glucose tolerance curve 10 and 420 days 
after operation. 


DISCUSSION 


Before entering into a more detailed analysis of a possible relationship 
between localization of the lesion and the type of curve found to be associ- 
ated with it, consideration must be given to three hypotheses that, a priori, 
could conceivably be offered as explanation of the abnormal behavior of the 
blood glucose regulation mechanisms in these patients. In the first place, 
Simon and Garvey* suggested that reduced tolerance to glucose is somewhat 
related to emotional tension. In our cases, such tension did not exceed that 
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displayed by ordinary hospitalized patients; moreover, if responsible, ten- 
sion should modify curves of all groups in a similar manner. Secondly, the 
lack of relationship observed with the histopathological identity of the lesion 
is against the possibility that the pathological process itself produces a hypo- 
thetical substance which, passing into the blood stream or the cerebrospinal 
fluid, modifies carbohydrate metabolism. Finally, it has been proposed 
that a generalized rise of cerebrospinal fluid pressure followed by a compres- 
sion of the whole central nervous system, in cats, raises the sugar content of 
the blood.** In our series, no relationship existed between intracranial pres- 
sure and the glucose tolerance curve. Opposing any of the general hypotheses 
postulated above was the fact that the glucose tolerance curves associated 
with lesions in similar areas of the cerebral hemispheres were usually com- 
parable but differed strikingly from patterns found to arise in patients with 
disturbances confined to certain other regions (e.g. diencephalon) of the cen- 
tral nervous system. 

Information concerning the effect of the cerebral hemispheres in the glu- 
cose tolerance curve is available from patients with brain tumors and with 
lobotomy. As the lesion created by lobotomy is more precise than that repre- 
sented by tumor, the influence of such excisions on carbohydrate metabolism 
would be expected to be more easily analyzed. Nevertheless, experimental 
data that have accumulated on glucose regulation after frontal lobotomy are 
somewhat conflicting. Kennard, Hampel and Willner” reported that loboto- 
mized cats (exhibiting sham rage reaction) showed a transitory hypergly- 
cemia, while similarly prepared monkeys (not showing sham rage) did not 
display abnormal glycemia. In man, Eringa!® found a diminished fasting gly- 
cemia after a similar operation. Sweet et al.*° described a very marked hyper- 
glycemia in 1 lobotomized patient but it was found that this individual had 
a hyalinized pancreas. 

Our observations are based on experiences with 7 lobotomized patients 
(Table 2) who were operated on for psychotic disorders. Two pre-operative 
examinations tend to confirm Simon and Garvey’s® statement that chronic 
schizophrenics commonly exhibit abnormal glucose tolerance curves and, in 
3 other instances, it can be seen that the abnormality may persist through- 
out the early postoperative period. Contrastingly, it is evident that, in every 
instance, tests made 2 weeks or longer after operation showed normal curves. 
Two patients who had cingulectomy and 1 who had a temporal lobectomy 
displayed no abnormality of glucose metabolism. From these few observa- 
tions, the impression is gained that frontal lobotomy, cingulectomy or tem- 
poral lobotomy do not adversely influence the glucose tolerance curve. In 
fact, there is evidence to suggest that if abnormality exists in association 
with mental disease, it will respond favorably to lobotomy. It is clear, there- 
fore, that large portions of the frontal and temporal lobes can be isolated 
without inducing prolonged alterations in carbohydrate metabolism. 

The responses to glucose administration displayed by patients with tumors 
of the brain differed markedly from those that followed lobotomy, in that 
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alteration of the glucose tolerance curve was the rule when neoplastic disease 
existed. Thus, abnormality was noted in 8 of 12 patients with tumors in the 
frontal areas, 10 of 10 in the temporal, 8 of 11 in the parieto-occipital and 8 
of 8 in the diencephalic region. 

Further analysis of the abnormalities exhibited by these patients sug- 
gests a rather characteristic difference between responses resulting from le- 
sions of the hemispheres and those involving the diencephalon. In the former 
instance, decreased tolerance manifestations were almost exclusively seen, 
while with diencephalic involvement, increased tolerance responses occurred 
in most cases. 

The fact that tumors of the hemispheres, regardless of their location, pro- 
duced similar changes in glucose tolerance curve (decreased tolerance or 
hyperglycemic curves) confirms Paleari’s*' observations and suggests that 
factors influencing carbohydrate metabolism emanate normally from all 
cerebral lobes presumably. Moreover, cortical areas initiating these influ- 
ences would seem to be discrete, as surgical isolation of certain regions (fron- 
tal, anterior cingulate and temporal) did not produce the same sustained 
changes in the glucose tolerance curve that the presence of tumors did. It 
might be supposed that, in the frontal lobe, one of the regions could lie be- 
hind the plane of lobotomy. As cortical regions in this and in other lobes of 
the brain are known to involve autonomic function”***° (insula, uncus, 
para-occipital region, superior temporal gyrus, limbic cortex), it would seem 
logical to suppose that dysfunction of such localized foci is responsible for 
disturbances in carbohydrate metabolism that attend neoplasms situated 
throughout the hemispheres. 

There is no information from these data concerning the manner in which 
hemispheral lesions interfere with carbohydrate metabolism. It is possible 
that the interference could be irritative, abnormal discharges being excited 
in existing pathways; it is also possible that the interference could be de- 
structive, anatomical connections, whether inhibitory or facilitatory, being 
sectioned by the tumor. The former possibility could be suggested by Reiss’ 
observation® that cortical stimulation in man results in modification of gly- 
cemia when an epileptic fit appears. Nevertheless, the latter possibility would 
seem to be at least as strongly implicated and, at the same time, would be 
consistent with the observations of Beer and Richard’ and Bulatao and Can- 
non’ which indicate that the neocortex inhibits the reactivity of subcortical 
autonomic centers, for decorticate animals exhibit higher levels of fasting 
blood sugar and more marked increases as excited by body restraint. 

In 1940, it was concluded by Long,”’ concerning the hypothalamus, that 
“a predominant role of the region in this phase of the general metabolism 
has not yet been proved. The available evidence does not entirely dispose of 
the possibility that some measure of influence may not yet be found.” In 
this series a most consistent disturbance in carbohydrate metabolism (in- 
creased tolerance to glucose) followed tumors in or near the third ventricle 
or, presumably, the hypothalamus. Such being the case, a brief review of in- 
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formation concerning hypothalamic influences on glycemia is appropriate. 
Hypothalamic lesions in animals?:®!°!9.?7 may be followed by: a) tendency 
to low fasting glycemia, b) increased tolerance to hyperglycemic influences 
initiated by the administration of glucose, adrenalin or anterior lobe extract, 
c) diminished tolerance to the hypoglycemic effect of insulin. Electrical 
stimulation of the same region®!7:2°.27.33 may induce hyperglycemia both in 
animals and in man, and diencephalo-autonomic epilepsy may include, dur- 
ing fits, an elevation in blood sugar level.?* Evidence at hand, including that 
reported in the present paper, still lacks decisively conclusive proof of hypo- 
thalamic regulation of glycemia, but, undoubtedly, there exists a certain 
coherency between the different facts reviewed and the probability that 
hyperglycemic stimuli may normally be mediated through the anterior hypo- 
thalamus. 

Glucose tolerance curves like Types E and F (‘paradoxical’) deserve a 
special comment. After the administration of glucose, a moderate and transi- 
ent elevation occurs in Type E that is rapidly overcompensated for by a de- 
fectively regulated homeostatic mechanism resulting in a marked secondary 
hypoglycemia. In the “‘paradoxical” Type F (initial decrease of glycemia), 
it is possible that an elevation also occurs but, being of a brief duration, the 
30-minute sample shows only the decrease that follows. ““Paradoxical”’ re- 
sults following the administration of adrenalin have been observed by 
Paleari*! and Simon,* of insulin by Kroll®* and of glucose by Balea, Segundo 
and Mendilaharsu.! Similar results have occurred in patients with diseases 
(multiple sclerosis, encephalitis in the chronic state, Parkinsonism, etc.) that 
affect the central nervous system in a non-localized manner but in which 
hypothalamic and/or spinal involvement is in no way improbable. In the 
present series, examples of this type of altered regulation were found only if 
the disturbance was located in the proximity of the hypothalamus or at the 
spinal level. 

The effect of lesions in the posterior fossa upon glycemia does not serve 
to elucidate the as vet unknown pathways or centers involved,’ but un- 
doubtedly confirms the observations initiated by Claude Bernard and later 
extended to experimental*®:** and clinical*! fields. This information indicates 
that pathological conditions in the neighborhood of the pons and fourth ven- 
tricle are associated consistently with a modification of carbohydrate meta- 
bolism grossly similar to that seen in mild diabetes mellitus (glycosuria, hy- 
perglycemia and diminished tolerance to glucose). 

Spinal cats, as observed by Brooks’ and Brobeck,' are able to restore their 
blood sugar as well as normal animals, after 0.5 units of insulin per kg. of 
body weight injected intravenously. Nevertheless, glucose tolerance curves 
performed by Chor, Finkelman and Blustein® in 25 patients with cervical 
cord injuries, exhibited abnormal (usually elevated) values that, they sug- 
gest, were caused by failure of inhibitory or excitatory impulses reaching the 
peripheral autonomic systems. As Table 1 shows, the results obtained by us 
coincide with those of Chor, Finkelman and Blustein.?° 
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Though the major importance of the endocrine organs in the control of 
carbohydrate metabolism is in no way disputed, the trends of modern physi- 
ology and the necessities of clinical medicine point to the importance of de- 
termining with precision the role of the central nervous system in the regula- 
tion of the different components of the internal milieu. We believe that the 
facts reported in the present paper may contribute, to a certain extent, to a 
better understanding of the nervous regulation of carbohydrate metabolism 
in man and, in a gross manner, to the delimitation of the areas involved. A 
more precise localization and a confirmation or rectification of the interpreta- 
tions offered will, no doubt, be the outcome of future experimental ap- 
proaches to a subject in which there still exists a great deal of the ‘‘confusion 
and contradiction” noted by Ranson in 1935.” 


SUMMARY 

1. Glucose tolerance curves were studied in patients presenting localized 
and verified lesions of the central nervous system. 

2. The type of abnormality observed was related to the localization of 
the lesion but not to its histopathological nature or to the presence or inten- 
sity of an increased intracranial pressure. 

3. Disturbances in the cerebral hemispheres (prefrontal, parietal, tem- 
poral, occipital) resulted in a diminished tolerance to glucose. 

4. Lesions in the vicinity of the hypothalamus were usually associated 
with low values of fasting glycemia and increased tolerance to glucose. 

5. Spontaneous glycosuria is frequently associated with tumors of the 
posterior fossa and tolerance is moderately diminished. 

6. Abnormal curves of no fixed pattern are encountered with lesions of 
the cervical spinal cord. 

7. None of the patients subjected to operative procedures (frontal lobo- 
tomy, cingulectomy, temporal lobectomy) showed abnormal curves after 
the operation. 

8. Results are discussed in the light of experimental and clinical litera- 
ture. 

The authors wish to express their gratitude to Dr. J. D. French for his advice 
and help in the preparation of this manuscript. 
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THE SURGICAL TREATMENT OF HEADACHE 
AND ATYPICAL FACIAL NEURALGIA* 
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(Received for publication August 20, 1954) 


LIVER WENDELL HOLMES is reported to have said, “If I wished to show 

a student the difficulties of medical practice I should give him a head- 

ache to treat.”” Headache is probably the commonest discomfort of 
man and it has attributes that set it apart from pain that occurs in other 
parts of the body. Its significance is often disguised and its attending dis- 
tress is out of proportion to the severity of the underlying cause. 

The neurosurgeon asked to rule out intracranial disease in patients with 
headache is soon made aware of the need of a broad understanding of pain 
about the head. He must recognize that in the majority of instances there is 
no serious disease present and he must through clinical evaluation weigh the 
need for more extensive and upsetting investigations. 

Perhaps the neurosurgeon’s only responsibility is to recognize and treat 
those whose head pain can be shown to be a symptom of an intracranial 
space-occupying lesion, a painful neoplasm about the head or neck, or one of 
the cranial nerve neuralgias. But there is a temptation often to explore the 
surgical possibilities for the relief of other head pain. Some surgeons are en- 
couraged in this respect by a desire to help the patient, some wish to investi- 
gate physiological and anatomical factors, while others are deterred by a 
‘autious or even a cynical attitude regarding the possible benefits of surgery. 

It is my purpose to review the possibilities of surgical treatment of a 
variety of these head, face and neck pains (exclusive of neuralgias and pain- 
ful neoplasms) based on others’ reports, as well as on my own experience and 
convictions. Put another way, it might be asked: “Is there a surgical treat- 
ment for headache?” 

The basic aspects of headache can be listed under two headings :*° the sen- 
sitive structures of the head and neck, and their nerve supply; and the mech- 
anisms that produce pain. 

All of the tissues covering the cranium are more or less sensitive to pain, 
but the vascular and muscular structures about the head, face and neck 
together with the mucosa of the upper respiratory passages are the source 
of most of the headache problems. 

The intracranial pain-sensitive structures include the arteries at the base 
of the brain, the dural arteries, parts of the dura mater in the floor of the 
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skull, the venous sinuses and their venous tributaries and nerves possessing 
pain afferents, namely, the 5th, 7th, 9th and 10th cranial and the first two 
or three cervical nerves. 

The common mechanisms of pain are related to traction and distention 
if the blood vessels; inflammation of any of the pain-sensitive structures; 
pressure on pain afferent nerves, and sustained contraction of muscles about 
the head and neck. 

In prolonged vascular headache edema occurring in and about the walls 
f small vessels causes considerable reduction in pain threshold of these 
tissues. Likewise in sustained muscle contraction local metabolic changes 
take place that result in tender areas. Not infrequently vascular and muscu- 
lar headache exist simultaneously. 


HEADACHE AND DISEASES OF THE EYES AND UPPER 
RESPIRATORY STRUCTURES 

It is relatively uncommon for headache to result directly from diseases 
f the eyes and upper respiratory structures. While inflammation of the 
mucosa of the nose and paranasal sinuses may result in a mild form of pain 
in the local regions of the head and face, much of the headache attributed to 
diseases of these structures is caused by secondary sustained contracture of 
muscles of the head and neck.* Similar principles obtain in headache associ- 
ated with diseases of the eves and of their intra- and extra-ocular muscle 
functions." 


MIGRAINE AND OTHER VASCULAR HEADACHES 


Dilatation and distention of the arteries inside and outside the cranium 
give rise to numerous sensory experiences but the interest of the patient and 
physician is usually directed to the pain that occurs. The location, duration 
and intensity of the pain vary widely from person to person and in the same 
individual at different times. The term migraine is reserved by some for a 
special pattern of headache and associated phenomena, but the line of dis- 
tinction with other vascular headaches is arbitrary and unimportant. 

The detailed studies of migraine leave no doubt that the extracranial 
branches of the carotid arteries are involved principally. In addition, it 
seems likely that the meningeal arteries, principally the middle meningeal, 
take part in the production of the pain, but the intradural vessels seem to 
play little if any role in this type of headache. It is a common observation 
that obliteration of the lumen of the offending superficial arteries and even 
of the carotids in the neck by local pressure will give temporary relief. 

Both Cushing® and Gordon Holmes” remarked on the benefits sometimes 
observed in migraine patients after subtemporal decompression. Explana- 
tion seems to lie in the fact that in the operation both the temporal and mid- 
dle meningeal arteries are usually divided. Dickerson” in 1933 reported the 
relief of migraine in some subjects by deliberate ligation of the middle men- 
ingeal artery. 
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In our initial investigation of headache mechanisms at the New York 
Hospital® segments of the supra-orbital, temporal, occipital and middk 
meningeal arteries were resected alone or in combination in a series of pa 
tients. While the intensity of the pain was diminished in most, the beneficia 
effects lasted no longer than 6 months. When we have occasionally been le« 
to try this method since then for the more intractable cases of vascular paii 
the results have usually been disappointing. The rich anastomotic suppl) 
of small arteries, the overlapping and the regeneration of afferent nerve sup 
ply amply account for the limitations of the use of this method of treatment 

However, there are reports published and unpublished of the rather com 
mon use of resection and ligation of extracranial arteries in the treatment 
of migraine. Watts, Wiley and Groh*! had 5 patients relieved of migraine 
16 to 24 months after resection of one or more scalp vessels, but did not say 
what part of their total experience was represented by these cases. Haynes”! 
reported 87 per cent relief of cephalalgia after resection of temporal and mid- 
dle meningeal arteries and avulsion of the occipital nerve; whereas Rowbo- 
tham* cited 76 per cent failure to relieve headache in a similar series. 

About 20 years ago Dandy," Craig,’ and Love and Adson* each re- 
ported a few cases of unilateral headache possibly relieved by cervicothoracic 
ganglionectomy, and the operation has been proposed from time to time 
since. While reasoning would suggest that the vascular changes in headache 
may somehow implicate the sympathetic system, it does not follow that cer- 
vical sympathectomy will alter the tone or interrupt afferent pain fibers of 
the vessels concerned in vascular headache, at least in sufficient degree to 
have value. Smithwick and Simeone” disclaim any benefit from cervical 
sympathectomy for headache while Rowbotham* labeled his results in 20 
‘ases as “capricious” and largely unsatisfactory. In my experience I have 
not found cervical sympathectomy to be a useful procedure for relief of head- 
ache, but I have always been intrigued with the possibility that the explana- 
tion for improvement in headache in some hypertensive patients after thora- 
columbar sympathectomy might be compensatory increase in the tone of 
cranial vessels. 

The more direct approach to surgical relief of vascular headache (exclu- 
sive of the neck and lower face) would be interruption of the trigeminal 
nerve for frontoparietotemporal pain and of the upper cervical nerves for oc- 
cipital pain since the pain fibers of both intra- and extracranial arteries 
above a line from the eye to the foramen magnum traverse these nerves. In 
the case of occipital headache there is perhaps no objection to the interrup- 
tion of the occipital and postauricular nerves, or even of the upper cervical 
roots, as a therapeutic trial but I suspect the results would not be very im- 
pressive in a follow-up study on a series of cases large enough to have statisti- 
cal significance. Interruption of the supra-orbital nerve together with resec- 
tion of the supra-orbital artery has in my hands given disappointing results. 

In a few cases reported by Harris,”’ Penfield and McNaughton® and Row- 
botham* beneficial results followed partial section of the trigeminal root. 
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Love and Adson*! commented on occasional relief of migraine in patients 
having had trigeminal rhizotomy for tic douloureux. I have made similar 
\bservations in about a dozen cases but I encountered a miserable failure in 
he one case in which a total trigeminal rhizotomy was deliberately per- 
ormed for persistent hemicrania. There must be few patients whose head- 
iche would justify complete trigeminal rhizotomy with its attendant corneal 
inesthesia, possible dysesthesias and with the chance of failure to relieve the 
neadache. 

Tractotomy of the descending trigeminal fibers in 13 patients suffering 
yom migraine was reported by Olivecrona.* In 2 cases the headache was bi- 
ateral and the operation was performed bilaterally; one of these patients 
‘ontinued to have occasional headaches of less severity, while in the other 
here was no relief. In 3 of the unilateral cases headache developed on the 
pposite side. He estimated the results as satisfactory in about half of the 
‘ases, though some discomfort persisted in most, and concluded that the re- 
sults of tractotomy in migraine can hardly be said to be brilliant. Perhaps 
me reason for indifferent results is that analgesia after tractotomy is relative 
ind almost never absolute. 

Summarily it can be said that in migraine it may be justifiable to try the 
effects of interruption of the various extracranial and middle meningeal 
arteries and their accompanying nerves in selected cases. But the expected 
results will fall short of what may be hoped for and good initial results will 
often be temporary. Other types of operation are usually unsuitable either 
because they are ineffective or because they may be attended by complica- 
tions unacceptable in exchange for migraine. 


ATYPICAL FACIAL NEURALGIAS 

There is a variety of syndromes of face pain which, although they differ 
from migraine in location, timing and associated phenomena, are believed to 
be akin to migraine in that the mechanism of pain is principally arterial dis- 
tention. Included in this group are: sphenopalatine neuralgia or Sluder’s 
headache, vidian neuralgia, buccal neuralgia, Horton’s cephalalgia, lower- 
half headache, atypical facial neuralgia and carotidynia. There are others 
with less commonly mentioned names. Each of these syndromes has some 
special feature which supposedly sets it apart from the other, but each bor- 
ders on the other and distinguishing features are frequently spurious. 

The interest in the sphenopalatine ganglion syndrome,":*.°° as well as 
the opinions of its validity, have waxed and waned for years. The principal 
objections to the sphenopalatine as well as to the vidian neuralgia are: the 
lack of evidence that the implied disease of nerves actually exists; and, the 
similarity of these syndromes to other facial pains that are more readily 
identifiable as the effect of arterial distention. Lewy* in an anatomical study 
of the nerves concluded that the vidian nerve has no afferent pain fibers and 
that in presumed transnasal cocainization of the sphenopalatine ganglion 
usually the maxillary nerve above is anesthetized. 
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Poe*’ described 4 cases in which he had excised the sphenopalatine gan- 
glion by way of a transantral approach for relief of facial pain. Since the gan- 
glion and the maxillary nerve lie in approximation to each other the opera- 
tion simultaneously removed the ganglion and a section of the maxillary 
nerve. Good results were reported in all patients within the limit of the long- 
est follow-up, which was 9 months. From the description, it appears that in 
2 and possibly 3 of the cases the diagnosis was trigeminal neuralgia in the 
maxillary region and good results, therefore, could be attributed to division 
of the maxillary nerve. Grant,!® who has performed the operation in several 
cases, expressed his belief that any benefit is attributable wholly to division 
of the maxillary nerve. In the one case in my experience any relief of pain 
was overshadowed by complaints of dysesthesias in the anesthetic area. 

Atypical facial neuralgia is a name employed by Frazier and Russell'® to 
differentiate from tic douloureux the many other kinds of facial pain. In at 
least one-third of patients referred to me by physicians for tic douloureux 
the diagnosis was erroneous. But there is some room for charity in the matter 
since I suspect the majority of neurosurgeons have at one time or another 
found to their sorrow that they had misjudged the nature of a facial pain. 
In a review of the cases at the University of Pennsylvania Hospital, Glaser'* 
reported that during a period when 1200 major trigeminal neuralgias were 
treated there were 245 examples of atypical pain. In these a great variety of 
surgical treatments, some 292 procedures in all, were unsuccessfully em- 
ployed. Included in the treatment were trigeminal rhizotomy (11 cases), 
cervical sympathectomy, periarterial stripping, supra- and_ infra-orbital 
nerve avulsion and various ear, nose, throat and dental operations; all were 
declared a dismal failure. 

Further consideration was given to the problem by Temple Fay,’ who 
performed various combinations of resection of sympathetics, cervical and 
cranial nerves and of vascular sheaths (19 cases.) He concluded that pain 
pathways for blood vessels of the neck and face traversed the trigeminal and 
vagus nerves. But he recognized the likelihood of pathways in the 7th, 9th, 
10th and possibly the 11th and 12th cranial nerves, but excluded the cervi- 
‘al sympathetics. 

The exact sensory supply of the arteries in the neck and face is still not 
established but the likelihood of controlling pain from these vessels by inter- 
ruption of appropriate nerves with any simple or practical operation is re- 
mote. 

An occasional report has been made of beneficial results of ligation, resec- 
tion or perivascular stripping of the external carotid artery or its branches 
for “buccal” pain’ and of the carotids for carotidynia. In 6 cases I found 
operations on the external carotid and maxillary arteries not to be helpful 
for facial pain while in 4 cases of carotidynia® perivascular stripping gave 
partial relief in 2 and no benefit in 2 others. 

A particular pain syndrome originally described as erythromelalgia of the 
head (by Horton, MacLean and Craig**) but lately known as Horton’s 
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7" ephalalgia has caught the fancy of neurosurgeons. Horton?’ has implied that 
n- iistamine somehow plays a role, but this pain may well be one variant of 
a- vascular pain in the orbitofacial region.” 
“y It was suggested by Gardner and associates" that the syndrome might 
g- be in the nature of a greater superficial petrosal neuralgia, or at least that 
in livision of this nerve might be helpful. In 13 cases of orbitofacial pain he 
ne livided the greater petrosal nerve and in 2 of these the operation was bilat- 
yn ‘ral. Results were reported as excellent in 25 per cent, fair to good in 50 per 
al ent and a failure in 25 per cent. The same operation in 13 additional pa- 
Qn ients with miscellaneous head pains produced good results in 3. The compli- 
in ‘ations listed were: temporary loss of tearing, crocodile tears, Horner’s syn- 
lrome, painful keratitis and facial paralysis. 
to It is interesting that Gardner postulated benefit on the basis of interrup- 
at | ion of vasodilator nerves and disregarded the possible effect of dividing af- 
1X erent fibers that traverse the nerve. Sweet and White** reported that stimu- 
er ation of the central end of the divided greater superficial petrosal nerve 
er ‘aused pain and 3 of their patients were relieved of pain by petrosal neurec- 
n. omy, while 2 were not. 
rls The operation has been performed by others?’ including myself but the 
re results to me do not seem to be impressive. When it is considered that many 
of ispects of the pain for which the operation is employed are not well under- 
n- stood, the incidence of early relief is less than 50 per cent, recurrences are 
;), known to take place and certain complications are not readily acceptable, 
al there is not enough to justify enthusiasm for the procedure. 
“i OCCIPITAL AND SUBOCCIPITAL PAIN 








ho Pain in the occipital and suboccipital regions results from three types of 
nd mechanism which may occur alone or in combination: (1) muscle tension, 
in (2) vascular distention and (3) irritative conditions of the sensory nerves, 
ad roots or spinal ganglia in the upper cervical region.** 
h. A revival of interest in posterior headaches has occurred probably as a 
i. result of greater awareness of cervical disk pathology. Raney and Raney**:*? 
concluded that cervical disk lesions commonly result in occipital, frontal and 
‘ot temporal headaches. They found it impossible to determine a direct neural 
“r- connection, but suggested that diffusion would explain the phenomenon. 
re- Yet they reported that head pain caused by cervical disk disease was not re- 
lieved by section of the sensory root of the 5th nerve or by trigeminal tractot- 
“e- omy; also that cervical sympathetic block did not affect the headache un- 
1es less the procaine infiltrated the neck muscles. 
nd It has been shown that sustained cervical muscle contraction occurs as a 
ful protective mechanism accompanying a painful lesion at any level of the 
ve cervical spine and that the muscle contraction here not only is locally pain- 
ful but may induce muscle contractions and changes in vascular tone in 
he other parts of the head and face. In support of this is the common experi- 


ence that headaches related to tonic states of the cervical muscles can usually 
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be relieved by muscle-relaxing agents such as local heat, massage, curare, 
traction or procaine infiltration. Injection of hypertonic saline into occipital 
muscles consistently causes pain not only locally but in more remote regions 
of the head and face. Conversely, pain thus induced may be terminated by 
local infiltration with procaine.*:!°* Resection of occipital and postauricular 
nerves is occasionally of temporary benefit, but has obvious limitations. 

Hunter and Mayfield? reviewed their experience with 11 cases of pain in 
the head and face attributed to upper cervical root disease, presumably 
secondary for the most part to trauma of the upper cervical spine. The pain 
was characterized by its appearance in bouts, initiated in the suboccipital 
region, radiating to the vertex, temple, orbit and sometimes the lower jaw; 
usually it was unilateral. They found that stimulation of the 2nd cervical 
root produced pain in the vertex and region of the eye, while stimulation of 
the 3rd root referred pain to the region of the ear and neck. Treatment in 
their 11 cases was either by (1) avulsion of the greater occipital nerve, (2) 
intraspinal section of the sensory root C2, or (3) section of sensory roots C, 
and C;. Eight of the 11 patients were benefited by the operations. 

Hence, it should be recognized that pain having its origin from struc- 
tures in the cervical and occipital regions may appear simultaneously in the 
forward part of the head and face. Operative treatment is usually not re- 
quired for relief of pain of occipital origin with the possible exception of 
those few patients who have convincing evidence of disease of the upper cer- 
vical spine and nerve roots in which case upper cervical rhizotomy may be 
useful. Section or avulsion of nerves in the occipital region is technically sim- 
ple and harmless, said to be useful for a variety of persistent occipital pains 
but initial beneficial results have frequently been temporary. 


POST-TRAUMATIC HEADACHE 


None of the problems pertaining to headache supersede those that follow 
head injury. The incidence is one-third to one-half in those patients with 
head injury sufficient to bring them to a hospital. Trauma to pain-sensitive 
structures of the head provides ample reason for head pain and the persist- 
ence of an extradural or a subdural hematoma may be a source of headache 
in the early period up to some weeks. However, in most cases there is no con- 
vincing evidence that pathologic changes of any kind occur to perpetuate 
head pain beyond this period.‘ 

In 1936 Penfield and Norcross** concluded that a cause of chronic post- 
traumatic headache might be found in the formation of dura-arachnoidal 
adhesions and that effective therapy might be provided by introduction of 
subdural air. A follow-up study 8 years later by Ross and McNaughton” 
concluded that there had been few patients who had remained cured after 
this procedure and in these few it was believed that other factors had played 
an important part. 

Painful sears of the scalp which may be a source of noxious stimuli can 
sometimes be revised to advantage and in those patients with complaint of 
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headache accompanying cranial defects about half are relieved by cranio- 
plasty.?! But surgeons are well acquainted with the frequently disappointing 
results of revising painful scars anywhere over the body. 

PAINFUL DYSESTHESIAS OF CRANIAL NERVE LESIONS 

Under the heading of painful dysesthesias of the cranial nerves several 
could be mentioned, but there are two conditions in particular that concern 
us. While they do not fall exactly in the category of the other types of head 
pain under discussion there is much in common, particularly in the matter of 
refractoriness to surgical treatment. 

One of these is the postherpetic pain which occurs particularly in the 
forehead region of elderly patients and which dominates their waning vears 
of life. Any notion that the disease in these patients is limited to the Gasser- 
ian ganglion is soon dissipated when it is discovered that division of the sen- 
sory root or of the tract in the medulla provides little, if any, relief.** I have 
tried rhizotomy in 2 patients and tractotomy in 2 others without the slight- 
est benefit. Avulsion of the supra-orbital root because it is simple and safe 
has often been employed, but usually with disappointing results. The same 
is true of cervical sympathectomy and of incision for undermining and iso- 
lating the painful area, though there have been verbal reports that the latter 
is sometimes helpful. 

The story is perhaps best told in a report by Sugar and Bucy.” In a pa- 
tient with postherpetic pain in the eye, cheek and nose the following methods 
were used in sequence with appropriate lapses of time to evaluate results: 
(1) injection of alcohol into the infra-orbital nerve, (2) roentgen radiation of 
the Gasserian ganglion, (3) partial division of the sensory root of the tri- 
geminal nerve, (4) total section of the sensory root, (5) cocainization of the 
sphenopalatine ganglion, (6) procaine block of the stellate ganglion, (7) ex- 
cision of the contralateral sensory cortex for the face, (8) excision of the ipsi- 
lateral sensory cortex for the face, (9) a series of electric shock convulsions 
and (10) bilateral prefrontal lobotomy. The evaluation of the result was that 
the patient still suffered from the pain though it was not as troublesome as it 
had been. 

Wycis* has informed me that mesencephalotomy in 3 cases of posther- 
petic pain in the face has proven satisfactory in 2 cases and failed in 1. We 
must hopefully wait for final confirmation of the effectiveness of this method 
of treatment. 

The other variety of painful dysesthesia is one that particularly plagues 
the neurosurgeon. It occurs following trigeminal rhizotomy or tractotomy 
for tic douloureux. Fortunately the severe form occurs in only about 5 per 
cent of cases but in these it is an endless source of annoyance. Sympathec- 
tomy is of no value. A few reports of the use of lobotomy for the most part 
indicate failure or equivocal results. In my experience with 2 cases bilateral 
lobotomy was not helpful. Spiegel and Wycis’ report* of the use of mesen- 
cephalotomy in 3 cases indicates beneficial results at least in 2. 
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The simple fact is that the treatment of painful dysesthesias of the face 
is one of the most discouraging chapters in the chronicle of neurosurgery. 


GENERAL COMMENT 


Psychosurgery seems not to have been much employed for headache and 
atypical facial neuralgia; it is mentioned only briefly and without enthusiasm 
in a few reports that have come to my notice.” An interesting comment 
which perhaps has an indirect bearing on the subject was made in the report 
of the large Boston Psychopathic Hospital series. It was suggested that in 
some of those with chronic postlobotomy headache the cause lay in meningo- 
cortical scarring resulting from the incision. Though it is very questionable 
whether headaches occur on this basis the fact remains that some patients 
do have severe headaches after lobotomy. 

With regard to the useful application in various forms of head pain of 
thalamotomy by stereo-encephalotomy we must for the present depend on 
the judgment of those few who are skilled in the use of the instrument. Dr. 
Bailey’s tacit comment? on the subject is that “‘others had better wait until 
the technic is better established before attempting to make destructive 
lesions in this concentrated region. After several vears of investigation the 
editor has not yet dared to attempt it.” 

And finally a comment on the use of anesthetic blocking or injection 
methods for the relief of pain is perhaps not out of order. The simple faith 
that most patients and many doctors have in the ability of a “skilled techni- 
cian”’ to control pain with a well-placed injection is disturbing. Neurosur- 
geons in particular are exposed to this flattering confidence and some are 
vulnerable. But no one is in a better position than a neurosurgeon to know 
the limitations of the method as well as the complications that may attend 
it. At best, procaine or newer, longer-lasting local anesthetic agents provide 
but brief benefit. Aleohol blocks of the trigeminal nerve may be of use at 
times, but as experienced a surgeon as Grant”? reported a disturbing number 
of difficulties with the procedure even in his hands. The report of Ochsner 
and associates! on 14 deaths and other complications from what is commonly 
believed to be an innocuous injection of the stellate ganglion is an occasion 
for considerable concern. 

Neurosurgeons instead of trying to live up to the expectations of their 
patients and colleagues in the use of injection methods for the relief of pain 
-an do much to clarify the matter by pronouncing its limitations and risks. 


CONCLUSION 


In conclusion I should hardly like to take the position that all possibili- 
ties for the surgical treatment of headache have been exhausted though the 
very nature of the varieties of head pain that have been discussed does not 
encourage hope in the solution of the problem through surgery. There is 
probably no harm and maybe occasional benefit in the judicious use of an 
operation performed as a therapeutic trial but the indiscriminate use of 
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operations on patients, many of whom have prominent emotional disorders, 
is out of keeping with the sound principles that characterize most of the rest 
of our neurosurgical effort. 
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SOME COMPLICATIONS OF VERTEBRAL 
ANGIOGRAPHY 
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(Received for publication August 21, 1954) 


S THE use of cerebral angiography has become widespread, there are in- 
creasing numbers of case reports of complications.”:*:!°" 3. These 
are most valuable in trying to set standards for selection of patients 

for this diagnostic procedure. The similar stories from the 3 cases reported 
here are intended for this purpose. 


CASE REPORTS 

Case 1. H.W., 48 years old, a doctor’s mother, had “migraine” attacks for several 
years beginning at the age of 28. The severe left-sided headaches were preceded by 
blurred vision and numbness in the right hand. Six months prior to entry in St. 
Luke’s Hospital, there was return of severe left frontal headache following blurred 
vision; the pain lasted 6 to 12 hours, and recurred every week or two. Two weeks 
prior to admission, there was numbness and tingling of the right hand. A few days 
later, the usual headache began, but the blurred vision persisted when the headache 
disappeared. 

Examination. On admission on Nov. 27, 1948 there was a complete right homony- 
mous hemianopsia (without macular sparing). Right biceps and knee reflexes were 
slightly increased. Ankle reflexes were equal. There was no other neurological dis- 
turbance. Findings on lumbar puncture were normal. Roentgenograms of the skull 
showed a midline pineal calcification. B.P. was 144/98. 

Angiography. Because of the possibility of aneurysm, left carotid and left verte- 
bral angiograms were done with 35 per cent Diodrast (iodopyracet) under general 
anesthesia. Unfortunately, the total quantity of Diodrast was not noted. 

Course. The patient was returned to her room in good condition, with B.P. 
128/90. Two hours later, at 4:30 p.m., she was still unconscious; B.P. was 186/110, 
and pulse was irregular in quality and at a rate of 84 per min. At 8:00 p.m. she 
moaned and moved her arm occasionally. At 3:00 the next morning, the pulse rate 
was 100, respiratory rate 30, and B.P. 172/112. At 5:00 p.m., the B.P. suddenly 
dropped from 164/112 to 110/38; pulse 100, respiration 40. At 5:27 she was turned 
on her back; pulse 80, respiration 20 and very shallow. Two minutes later, she 
stopped breathing. There was a poor pulse at 70 per min. In spite of oyxgen, cora- 
mine and artificial respiration, she died. 

The left carotid angiograms were normal. The vertebral angiogram (Fig. 1) 
shows a number of filling defects in the vertebral and basilar arteries typical of 
arteriosclerosis. Marked resistance to flow because of arteriosclerosis could explain 
the discontinuities in the posterior cerebral circulation. 

Autopsy (Dr. Edwin Hirsch, Department of Pathology, St. Luke’s Hospital). 
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There was an old liquefied infarct of the calcarine area of the cerebrum. There 
were marked atheromatous changes in the basilar vessels. The left vertebral artery 
was occluded for 0.8 cm. by an old atheromatous plaque in the distal 1 cm. before 
its junction with the right vertebral artery. 

Histologic study confirmed the ancient nature of the softening and there was 
hyalinization of small vessels in this area. 





Fig.1. Case 1. There are small irregularities of filling of the vertebral artery. The distal end of the 
basilar artery is spotted with dye. There is marked discontinuity of dye between the beginning of the 
posterior cerebral arteries and the venous filling in the occipital and posterior cerebellar regions, indi- 
cating slowed circulation. 


Case 2 (Research and Educational Hospital No. 405-635). L.M.B., aged 69, had 
onset of generalized epileptic seizures, midfrontal headaches, and disturbances of 
memory 1 year before hospitalization on Aug. 22, 1953. 

Examination. The patient was an obese woman who was occasionally confused. 
B.P. was 186/136 mm. Hg. Retinal arterioles were “‘silver-wired.”’ There was a 
grossly evident left homonymous hemianopsia and depression of visual acuity (un- 
able to count fingers at 6 feet). The deep tendon reflexes in the left leg were increased 
and a Babinski sign was elicited on this side. Blood count and urinalysis were nor- 
mal. Spinal puncture yielded clear fluid with 51 mg. protein, under normal pressure. 
X-rays of the skull were normal but chest films showed a mediastinal widening sug- 
gesting neoplasm. Metastatic intracranial neoplasms were suspected. 

Angiography. An intravenous test dose of Diodrast 35 per cent was well tolerated 
so the patient was anesthetized and intubated. The right vertebral artery was in- 
jected with three 10 cc. portions of Diodrast, and when no mass lesions were seen, 
a single 10 ce. injection was made into the right carotid artery. No mass lesion was 
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found. The endotracheal tube was removed 75 minutes after induction of anesthesia 
(pentothal, nitrous-oxide-oxygen, and trichlorethylene). At this time she responded 
to painful stimuli, but 20 minutes later she did not, although the B.P. was 160/110 
and the color was good. 

Course. At 3:30 p.m., the pressure was 146/100 and the color was good. She was 
found dead 20 minutes later. 





Fic. 2. Case 2. (a) Beside the small filling defects in the vertebral and basilar arteries, there are 
marked indentations of the posterior cerebral and superior cerebellar arteries at and just beyond the 
greatly constricted bifurcation of the basilar artery. (6) Medial surface of the right occipital pole, showing 
shrunken, scarred area of old encephalomalacia responsible for hemianopsia. 


Review of the axial and lateral angiograms (Fig. 2a) shows mural filling defects 
in the basilar artery, which is otherwise of good caliber. However, the superior 
cerebellar and posterior cerebral arteries appear very small, and there are marked 
constrictions at their origins. 

Autopsy showed generalized arteriosclerosis (especially severe in the brain and 
heart), atherosclerosis of the aorta and its major branches, and right and left ven- 
tricular dilatation. In the brain all large vessels showed atherosclerosis. This was 
especially marked in the vertebral, basilar, and posterior cerebral arteries. Cross- 
sections of the posterior cerebral and superior cerebellar arteries showed marked nar- 
rowing of the lumina (corresponding to the thin column of contrast material in the 
angiogram). There was no evidence of antemortem thrombosis, at least at the origins 
of these vessels. There was marked softening of the inferior aspect of the temporo- 
occipital area bilaterally. This was more marked on the right, where it extended to 
the tip of the occipital pole (Fig. 2b). Another small softening was found in the right 
internal capsule and caudate nucleus. 

Histologic study showed that the area of encephalomalacia in the right occipital 
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lobe had progressed to a precystic stage. Evidence of arterial and arteriolar arterio- 
sclerosis was everywhere apparent, and in the basal ganglia there was actual necrosis 
of vessel walls. A section of the basilar artery showed calcific plaques, splitting of the 
elastic media and necrosis of all the vessel layers. 


Case 3 (Chicago Memorial Hospital No. 134894).* M.M., a woman, was born in 
1897. During the 8th month of her third pregnancy (1919) she suddenly fell, was 
unconscious and subsequently had a right facial weakness. Blood pressure was said 
to have been very high, and there was albuminuria. However, this child and a fourth 
were born without further incident. In 1941, she complained of headache, weakness 
and dizziness. In spite of several thorough investigations at various hospitals and 
clinics, nothing abnormal was found until after severe headache, vomiting and 
semistupor developed on Nov. 26, 1943. 

On Dec. 3, 1943, she was hospitalized and, following ventriculography, a large 
midline meningioma arising from the under surface of the tentorium was removed. 
On the 11th postoperative day, the patient having hitherto done quite well, diffi- 
culty in speaking developed, which led to a severe expressive aphasia within the 
next 24 hours. She was unable to write, altho .gh she could read. Pressure of the 
spinal fluid was 35 mm. of clear yellow fluid. About a week later, the aphasia began 
to improve and by the time of discharge, Dec. 24, 1943, it had disappeared. 

She remained well thereafter until 1952, when bitemporal pain and generalized 
headaches appeared, relieved by aspirin. These persisted into late 1953. Examina- 
tion by an opththalmologist in September, 1953 revealed left homonymous hemi- 
anopsia with macular sparing. The headaches diminished, but the visual loss per- 
sisted, and she was hospitalized on Dec. 9, 1953. 

Examination. X-rays of the head showed no abnormalities except the surgical 
defect in the occipital bone. B.P. was 124/78. There were no abnormal neurological 
findings aside from left homonymous hemianopsia. 

Angiography. On the next day, under intravenous sodium pentothal anesthesia 
and intranasal administration of oxygen, three injections of 6 cc. each of Urokon 
(35 per cent) were made into the right carotid artery. No abnormalities were seen, 
so 10 ce. of Urokon were injected into the right vertebral artery. The artery could 
be followed only to the foramen magnum (Fig. 3). Because of the belief that the 
exposure had been made too soon, subsequent injections of 10 cc. and 6 cc. were 
made, but the resulting films were unchanged. 

Course. Three hours after completion of angiography, the patient was awake and 
responding well. Seven hours after angiography, she became lethargic, but could 
move all extremities on request. B.P. was 110/70 mm. Hg, pulse rate was 54 per 
min., and she vomited on several occasions. An hour later, the right pupil was found 
to be larger than the left, but both reacted well to light. 

On the following morning, she was still lethargic and the right pupil was still 
dilated. Lethargy increased and on December 12, the speech was slow and unin- 
telligible, and at times she would not respond when spoken to. Pulse varied from 48 
to 62 per min., B.P. from 118-140/55—75, and respirations 18-20 per min. When 
examined at noon on this day, she had a complete right 3rd nerve palsy and left 
Babinski sign; there was a questionably positive right Babinski sign as well. She 
became less stuporous and at 12:30, 10 cc. of 1 per cent procaine were injected for 
a right stellate ganglion paralysis. This was produced, and within 15 minutes, she 
was talking coherently. That afternoon she was alert and asked for food. By the 


* Case history of meningioma previously reported by Russell and Bucy." 
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Fic. 2. Case 3. Spotty configuration of dye in the basilar artery is associated with marked narrowing 
at the 2nd cervical level. The dye could not be visualized above the transverse process of the atlas in 
any of the three films taken. 


next day her pupils became equal and only a slight right ptosis remained. 

On Dec. 15, 1953, she was found to have a left homonymous hemianopsia. The 
right pupil was smaller than the left, there was a slight right ptosis, and the right 
side of the face was slightly drier than the left. 

On December 16, she was discharged to take Papaverine (0.1 gm.) four times 
daily. She has continued well except for persisting left homonymous hemianopsia. 
This is now attributed to thrombosis of the right posterior cerebral artery, and it is 
believed that she also has a partial occlusion of the right vertebral and basilar arter- 
ies. 


Probably the most important lesson to be learned (or relearned) from 
these cases is that cerebral angiography is not without hazard, and Diodrast 
and Urokon are not innocuous materials. The most puzzling aspect of the 
problem of complications of angiography is the wide divergence in incidence 
in different clinics. This must be because of differences in technic (unless 
there is some hidden factor in the genetic make-up of different national 
groups). Among these must be included the different contrast media used, 
the quantities of dyestuff, the timing of successive injections, and the type 
of anesthesia. Most of the reports of low incidence of complication come 
from the Scandinavian countries, where Umbradil and Perabrodil are used. 
These, like Diodrast, are solutions of various salts of crystalline iodine com- 
pounds (3,5 diiodopyridone-N-acetic acid). It is not probable that it is the 
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sodium or diethanolamine salts that are responsible for the differences. It 
does appear that the smaller the total dose of contrast medium used, and the 
smaller the individual doses for each injection, the less numerous are the 
complications. However, serious complications have been reported with one 
10 ce. injection of Diodrast, and Radner’s™” patient had only 9 cc. of Umbra- 
dil. Experimental evidence? indicates that a relatively long wait between 
successive injections is safer than making injections in rapid succession. A 
minimum wait of 10 minutes has been suggested, during which time it should 
be possible to examine films resulting from previous injections. If there are 
signs of vascular occlusion, arteriosclerosis, or marked delays in circulation 
through the brain, it would doubtless be wise to discontinue the procedure. 
Decker and Holzer* suggest that films always include the tip of the needle, 
for they believe that injections into the vessel wall or just outside of it can 
‘“ause such vasospasm as to make repeated injections of contrast material 
hazardous. (However, there is no evidence of any such complications here.) 

Certainly if the injection is done under local anesthesia, and the patient 
shows an untoward effect of injection (coma, aphasia, hemianopsia, hemi- 
paresis or hemiplegia), further injections are contraindicated. With general 
anesthesia such warnings pass unnoticed; hence, especial care must be used 
under these conditions to use small quantities of dye, well spaced injections, 
and, probably, very small amounts of solution with which to rinse the needle 
(for it seems likely that with some impairment of blood-brain barrier caused 
by the contrast medium, injection of large amounts of saline or glucose solu- 
tion will produce rapid swelling of the brain). However, Perese et al.!° warn 
that local anesthesia is no guarantee that there will be warning of impending 
difficulty. 

It is not clear just how angiography precipitates the neurological lesions. 
Thrombosis does not appear to be caused by the procedure. In Case 1, the 
thrombus in one vertebral artery found at autopsy was old, and no thrombi 
were found in the other case. Emboli from traumatized intima or from clots 
formiug at the needle tip are unlikely in view of the large-bore needle and 
the intermittent washing through of small amounts of saline solution. Spasm 
of major cerebral vessels has been seen in many angiograms but was not 
evident here. The only obvious factors common to these 3 patients are 
atherosclerosis, with narrowing of the lumen of major vessels of the verte- 
bral-basilar system, vertebral angiography, and general anesthesia. It is 
conceivable that the Diodrast could cause enough internal swelling to oc- 
clude a channel already narrowed by atherosclerosis. The ischemia (which 
we assume to be the basic cause of death) may be a relative one, and be 
caused by lowering of blood pressure during the angiographic procedure un- 
der general anesthesia. This hypothesis of relative hypotension has been dis- 
cussed by Denny-Brown’ for basilar artery syndromes and by Corday et al. 
for lesions of the cerebral hemispheres. 

In all events, the important factor appears to be atherosclerosis of the 
major cerebral vessels. It is roughly correlated with atherosclerosis else- 
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where in the body,® but can exist independently.! Retinal atherosclerosis 
(histologically proven) means a 4 to 1 probability that the basilar artery is 
arteriosclerotic, but unfortunately there is no good correlation between the 
histologic appearance of arteriosclerosis of the retina and this disorder as 
seen through the ophthalmoscope. Cerebral arteriosclerosis is more apt to 
be intense and to involve smaller vessels if there is co-existent hypertension, 
according to Fisher.® 

It is difficult to select patients for angiography who do not have arterio- 
sclerosis, for many patients with tumors or vascular anomalies also have 
arteriosclerosis. Age is of little value as a criterion (beyond 40 years certain- 
lv); in this series, the patients were 48, 57, and 69 vears old. The age span in 
the group of Perese et al. was 42-60, and 3 or 4 injections of 10 ce. of Dio- 
drast were used. One of their patients had multiple metastases, in 1 case no 
autopsy was performed, and the other 4 patients who died had arteriosclero- 
sis and thrombosis of the cerebral or basilar arteries with extensive softening 
(including 1 patient only 46 vears old). Radner’s” patient was 66, admitted 
for right oculomotor palsy. She was known to have arterial hypertension and 
diabetes mellitus, with diabetic retinopathy. After carotid injection failed 
to show an aneurysm, one 9 cc. injection of Umbradil into the right vertebral 
artery filled both vertebral arteries and showed indentations of the vertebral, 
basilar, and both posterior cerebral arteries. There was no immediate reac- 
tion but in 45 minutes the woman became comatose; consciousness slowly 
returned 10 minutes later, with right-sided weakness, slurred speech, and 
difficulty in swallowing. In spite of antibiotic and anticoagulant therapy, the 
patient died on the 11th day. Autopsy showed severe generalized athero- 
sclerosis. Although the lumina were narrowed almost to the point of occlu- 
sion, there was no recent thrombosis. Old and recent softenings were found 
in the left occiput, both thalami, and the rostral part of the brain stem. 

In the 162 vertebral angiograms done by Petit-Dutaillis et al.," there 
were 4 serious accidents, 2 of which were fatal. One followed intra-arterial 
injection of procaine for failure to visualize the intracranial portion of the 
vertebral artery (and autopsy failed to reveal the pathology). The other oc- 
curred in an aged arteriosclerotic patient with right hemianopsia and hemi- 
paresis, who died suddenly after the angiography (which had appeared to go 
without incident). Sjégren'® encountered only 1 complication in over 200 
percutaneous vertebral angiograms with Umbradil; this was a transient syn- 
drome of posterior inferior cerebellar artery insufficiency. 

Occlusion of vessels supplying the brain is being reported with increasing 
frequency, but it is rare that the vertebral-basilar system is involved. In a 
large series of angiograms, Decker and Holzer‘ found 97 instances of occlu- 
sion of vessels supplying the brain. Only 3 involved the vertebral and basilar 
system, whereas there were 35 occlusions of the carotid artery in the neck 
and 7 within the skull. The remaining 52 were occlusions of major cerebral 
vessels (including 42 of the middle cerebral artery and 1 of the posterior cere- 
bral artery). In one autopsy, there was partial occlusion of the proximal end 
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of the basilar artery and complete obstruction of a segment of the posterior 
cerebral artery. Meningeal anastomoses were found in this patient. The 
authors offer the possibility that anastomoses between the muscular branches 
of the vertebral and occipital arteries protect the patient against occlusions 
of the vertebral arteries. Occlusions of the basilar artery are rarely compati- 
ble with life, but transient syndromes may be produced by stenotic lesions. 
Insufficiency of the basilar system may be completely unnoted until ocelu- 
sion of a carotid artery interferes with collateral flow and precipitates in- 
farction (and, conversely, occlusion of basilar flow may precipitate a middle 
cerebral artery syndrome if a carotid artery has been closed off some time 
before’). 

The cerebellar arteries usually have even better anastomoses than the 
cerebral ones, so that occlusions (except for the posterior inferior cerebellar 
artery) are rarely clinically evident. The superior cerebellar artery is rarely 
occluded, and then usually by embolus. Luhan and Pollack’ reported 6 cases 
of this disorder, 3 with autopsy. One was in a woman, 36, who was 7 months 
pregnant when she had a subarachnoid hemorrhage. Signs of posterior fossa 
involvement developed and a vertebral angiogram was done. It was normal. 
After she awakened from the anesthesia, she went into labor, had a major 
seizure, and aspirated vomitus. She died 24 hours after the arteriography. 
Autopsy disclosed a hemorrhagic softening in the mesencephalon, ascribed to 
a soft clot in one of the major subdivisions of the superior cerebellar artery. 
This was believed to have been caused by an embolus (site not disclosed by 
general autopsy). 

Perhaps it would be wise to be especially cautious in patients with 
homonymous hemianopsia whose spinal fluid pressure and roentgenograms 
of the skull are normal. If dye study still appears indicated, and carotid an- 
giography is done without revealing the lesion, it might be best to wait for a 
few days before doing the vertebral angiogram. In this way, one might avoid 
impairing the communications from the carotid to the basilar system and 
permit collateral flow in case there should be vascular insufficiency in the 
vertebral-basilar system. The vertebral angiography might well be done 
under local anesthesia providing that this is generously infiltrated into the 
region (including the periosteum) and providing that the needle for angio- 
graphy is inserted from medial to lateral and always pointing upward (to 
avoid the roots of the brachial plexus). After a single injection of 8-10 ce. of 
Diodrast, the films should be inspected, and if signs of arteriosclerosis or oc- 
clusion are found, the procedure had best be discontinued. Measures to in- 
crease cerebral blood flow might then be undertaken (if no bleeding has oc- 
curred recently within the cranium); systemic or intra-arterial injections of 
Papaverine, carbon dioxide inhalations, and stellate block all have their pro- 
ponents. 

It might be argued that in virtually every case of complication of angiog- 
raphy because of arteriosclerosis, the procedure has merely hastened the 
inevitable in a patient who already has serious neurologic disease (else the 
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procedure would not have been done). However, patients with arteriosclero- 
sis can live with their symptoms for many years before natural processes put 
an end to life, and we do not believe that curiosity as to the cause of a dis- 
order should be put above considerations of the patient’s welfare. 


SUMMARY 


Death followed vertebral angiography in 2 patients, 48 and 69 vears of 
age, in whom autopsy showed severe arteriosclerosis. In a third patient, aged 
57 years, recovery occurred after the procedure had caused marked increase 
in neurologic symptoms. In each patient, there were headaches, homony- 
mous hemianopsia, and other neurological findings, without evidence of 
raised intracranial pressure. In each instance, the angiograms revealed evi- 
dence of arteriosclerosis of the vertebral-basilar system. 

The reduction in incidence of complications of vertebral angiography is 
discussed, with suggestions to limit the quantity of contrast medium and 
number of injections, to lengthen the interval between injections, and to look 
at each film exposed before making more injections. 
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OMPLETE removal of intramedullary ependymomas has been carried 

out at times when the tumor was of suitable consistency and when a 

definite cleavage plane made such removal possible.!:?:* Total removal 
usually leaves some neurological deficit, and in the cervical region may be 
dangerous. It is felt that the report of 6 cases in which intramedullary epen- 
dymomas were removed completely might be worth while, since 3 of the 6 
patients apparently have no significant neurological disability. 

From the technical standpoint, certain prerequisites seem to be needed 
for total removal of these usually benign tumors, the most important being 
(1) that surgery be carried out before paralysis is too far advanced; (2) that 
the tumor be of such consistency that it can be handled without damage to 
the cord; (3) that there be a good plane of cleavage between the spinal cord 
and the tumor; (4) that the multitude of fine, almost invisible vessels which 
pass from the tumor into the cord, particularly in the region of the central 
‘anal, be properly coagulated and cut so that a dry field will be maintained 
through the procedure (unipolar coagulation is inapplicable in this location 
while by contrast bipolar, or two-point coagulation, seems to do little, if any, 
damage, provided irrigation with saline solution is carried out while coagula- 
tion is being done); and (5) gentleness that does not exceed the elastic limit 
of cord tissue. Some tumors have invasive characteristics or their consistency 
may be such that total removal should not be attempted. Certainly good 
temporary results can be obtained by partial removal or by simple midline 
section of the cord with decompression. Removal may be possible as a second- 
ary procedure after a period of waiting which allows the tumor to extrude 
itself. 

CASE REPORTS 

Case 1. Mrs. L.R.N., aged 41, was examined on Aug. 13, 1941. Fairly progressive 
weakness in the legs, beginning 8 months before, had reached the point where she was 
unable to walk without help. 

Examination. Deep reflexes were markedly increased in the lower extremities, 
bilateral Babinski was present, and there was a transient ankle clonus. There was 
loss of sensation of pain, temperature, vibration, and stereognosis below the 5th 
rib, while position sense was fairly well preserved. A Queckenstedt test showed evi- 
dence of a partial block, and myelography showed interruption of lipiodol at the 
level of the superior border of the 7th thoracic vertebra. 


* Read before the Harvey Cushing Society, Santa Fe, New Mexico, May 6, 1954. 
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Operation. A laminectomy of C7 and T1-6 vertebrae was carried out, with 
the dentate ligaments being sectioned on both sides at the level of the 5th thoracic 
vertebra. The spinal cord was incised in the midline and the tumor was gently dis- 
sected out. The vessels attaching the tumor to the central canal were coagulated 
with two-point coagulation forceps, using saline irrigation for cooling. The dura 
mater was easily closed. 

Microscopic Examination. The tumor was composed of typical ependymal cells 
with tendency to pseudorosette formation around vascular channels. 

Course. Following surgery, her neurological picture was very much worse, al- 
though she was able to move her legs slightly within a few days. 

During the succeeding several months she was able to walk with help and when 
examined 1 year after surgery was able to walk perfectly, but was not able to walk 
more than about a block. Pain sense had entirely recovered except for a small area 
of hypalgesia in the left leg. Reflexes were approximately normal and there was no 
bladder disturbance. Two years later she considered herself perfectly well, although 
she felt that the left leg was not quite normal. Walking did not tire her and there 
was no limp or spasticity. The patellar reflex was increased on the left. Examination 
in February, 1954 revealed that she is still quite normal. 


Case 2. Mrs. L. McA., aged 46, was examined Nov. 10, 1942. Paralysis of the legs 
had begun over 3 years before, with numbness in the lower extremities and diffi- 
culty in controlling the bladder. 

Examination. There was about 25 per cent normal strength in the left leg and 
about 50 per cent in the right. There was a partial sensory level up to the 2nd rib on 
the right and up to the 4th rib on the left. Reflexes were markedly increased and 
a bilateral Babinski sign was present. Myelography showed a block at the level of 
the 4th thoracic vertebra. 

Operation. A laminectomy was done from C6 to T4 laminae inclusive. The spinal 
cord was divided posteriorly in the midline and the tumor was gently dissected out. 
Blood vessels connecting the tumor to the central canal were coagulated with two- 
point coagulation forceps and, after removal, the cavity which extended from the 
7th cervical vertebra to the upper portion of the 4th thoracic was clean and there 
was no evidence of contusion. 

Microscopic Examination. The tumor was a typical ependymoma with pseudoro- 
sette formation about the tissue spaces and vascular channels. 

Course. Following surgery, the patient had only slight movement in the right 
leg. Unfortunately, a fulminating pneumonia developed, complicated by delirium 
tremens, and she expired on the 5th postoperative day. 

Autopsy showed that the spinal cord was in good condition with no evidence 
of contusion or swelling. The history of alcoholism was obtained only after toxic 
symptoms appeared. 


Case 3. Father T. McG., aged 39, was examined July 2, 1952. He complained 
chiefly of throbbing pain in the right arm and hand, present for 12 years. In 1949 
the right scalenus anticus muscle had been sectioned at a clinic out of the State. 
For 2 years he had had considerable difficulty in walking. 

Examination revealed analgesia in the cervical 5th, 6th, and 7th dermatomes on 
the right and in the 5th and 6th dermatomes on the left. There was marked stiffness 
in walking, reflexes were increased in the lower extremities, and spasticity was defi- 
nite in both legs. Myelography showed a block at the 4th thoracic level. 
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Operation. A laminectomy of C5—7 and T1 vertebrae was carried out. A midline 
incision was made and the enlargement of the cord, about 4 to 5 cm. long, was 
incised down to the tumor, which was removed piecemeal. This was a soft, red, 
vascular, fairly well demarcated lesion. The dura mater was easily closed. A syrinx 
below the tumor explained the block at the 4th thoracic level. 

Microscopic Examination. The tumor was very vascular. It was composed of 
spindle-shaped cells with indistinct cell borders and with dark-staining nuclei that 
showed little variation in size and shape. Occasional ovoid areas of hyalinized ma- 
terial were present and blood vessels with partially hyalinized walls were visualized. 
In spite of the absence of radial arrangement, the individual cellular elements were 
considered characteristic of ependymoma. 

Course. Following surgery symptoms were greatly increased. Spasticity was 
marked and for 4 months he was able to walk only with crutches. One year after 
surgery there was still considerable spasticity, strength was normal except for some 
weakness in the right arm, and there was still some analgesia in the 4th and 5th 
fingers. He got around reasonably well with a cane, but could not be considered an 
excellent result. A myelogram 18 months after surgery showed an open canal and 
no apparent enlargement of the cord. 


Case 4. Mrs. K.S.M., aged 36, was examined on Nov. 27, 1953. She complained 

of numbness in the hands and feet, present for 16 years, apparently caused by Ray- 
naud’s disease when she lived in the North. In 1951 she noticed weakness in the right 
index finger when typing so that she was unable to depress the keys properly. 
Shortly thereafter numbness developed in the right index finger and she burned 
herself without pain. Weakness in the right hand became so severe that she could 
not type at all and there was some involvement of the left hand. Subjectively there 
was involvement of the feet, although she was able to walk quite well. 
Examination. Deep reflexes were definitely increased and Babinski sign was 
suggestive, with a transient ankle clonus. There was some difficulty in initiating 
urination. Pain and temperature sense were lost in C7 and C8 on the right and C8 
and T1 on the left. A cervical myelogram showed typical findings of an intramedul- 
lary tumor without block, extending from C3 to C7. 

Operation. On Dec. 22, 1953, a laminectomy of C3 to C7 was carried out and the 
dura mater was opened, revealing a greatly enlarged cord. No fluid could be aspi- 
rated, and the posterior spinal cord was then opened in the midline, revealing a red, 
soft tumor which was gently and gradually separated from the spinal cord and re- 
moved completely. Vessels passing from the spinal cord into the central canal were 
coagulated with the two-point coagulation forceps and cut as they were encountered. 
One large concretion was removed with the tumor. The total volume of the tumor 
was estimated at 3 to 4 gm. and it extended from C4 to the upper end of C7 vertebra. 

Microscopic Examination. The tumor had the characteristic pattern of ependy- 
moma with typical rosette formation. 

Course. Following surgery there was no appreciable alteration in her neurological 
picture. There was no increase in reflexes, no Babinski sign, and there was good 
strength in both arms and legs. There was no disturbance of bladder. She was able 
to be up and about in 7 days and was walking quite well in 14 days. There was still 
some persistent weakness in the right hand, but this was not judged to be worse than 
before surgery and has already improved considerably. 
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Case 5. Mrs. L.H., aged 48, was examined Jan. 8, 1954. [This case is included 
through the kindness of Dr. George Ehni. My only connection with it was to help 
Dr. Ehni in the removal of her cervical intramedullary ependymoma.] Her chief 
complaint was pain in the arm. 

Examination. The patient surprisingly had no neurological abnormality other 
than loss of the triceps reflex. She had received treatment by traction for a possible 
cervical disc, and myelographic demonstration of an intramedullary cervical tumor 
was something of a shock. 

Operation. Laminectomy, C2 to T3, disclosed a large cervical ependymoma which 
was removed completely after dividing the posterior spinal cord in the midline 
(Fig. 1). Vessels extending from the tumor to the cord, chiefly in the region of the 
central canal, were coagulated with fine current and cut, allowing delivery of the 
tumor. 

Microscopic Examination. The tumor was a typical ependymoma. 

Course. Following surgery there was some general weakness, but very little 
neurological abnormality. There was no Babinski sign, but there was some difficulty 
in voiding so that a catheter was inserted. Four weeks after surgery she walked a 





Fic. 1. Case 5. Total removal of intramedullary ependymoma, leaving a clean cavity in the spinal cord. 











620 JAMES GREENWOOD, JR. 


little hesitantly, felt tingling in her body from the middle of the thorax down and 
felt that her stomach was somewhat enlarged. She had not fallen in walking and 
there was no demonstrable weakness in the arms and legs. Deep reflexes were some- 
what increased, but there was no Babinski sign, and the triceps reflex had returned. 
Vibratory sense was absent in the left lower extremity, but there were no other ab- 
normal sensory findings. 


Case 6. Mrs. F.G., aged 42, was examined Jan. 20, 1954. She had been operated 
upon 2 years previously in a clinic out of the State where partial removal of a cer- 
vical intramedullary ependymoma, extending from C5 to T2 vertebrae inclusive, 
had been carried out. She had not been able to walk before surgery, but improved 
after her operation so that she walked for about a year on crutches. Four months 
before admission her condition had gradually grown worse so that there was prac- 
tically complete paralysis of the right leg and less than 50 per cent normal strength 
in the left. 

Examination. A partial sensory level extended up to the 3rd thoracic vertebra, 
and there was hypalgesia up to the 8th cervical dermatome. Deep reflexes were 
markedly increased in the lower extremities, and a bilateral Babinski sign was pres- 
ent. 

Operation. On Jan. 27, 1954, the old laminectomy incision was reopened and in 
addition to the lower three cervical laminae and 1st thoracic lamina which had been 
removed before, the 2nd thoracic was removed. A cystic cord was tapped and about 
4 to 5 cc. of dark brown fluid were removed. The cord then was divided in the mid- 
line for the full extent of the tumor, which was then fully separated from the cord, 
as in the previous case. Solid tumor was estimated to weigh about 3 or 4 gm. and 
removal was felt to be complete. 

Microscopic Examination. The tumor was composed of ependymal cells in pseu- 
dorosette formation. It was extremely well vascularized. 

Course. There was no movement in the lower extremities for 10 days following 
surgery, but muscle tone was good, and there was no Babinski sign or ankle clonus. 
On the 10th day she began to move the left leg and to improve, so that 4 months 
later she was walking with help. 


TABLE 1 


Results of total removal of intramedullary ependymomas 





Year of , ; 
Case ¢ . Location Neurology Postoperative Postoperative 
Sex Age Patie ‘a- e ; y 
ete ” — of Tumor Before Surgery Survival Neurology 
1 F 41 LRN. 1941 C7-T6 Unabletowalk Living 13 years Negative 
2 F 46 L.McA. 1942 C6-T4  Paresis legs Expired from pneu- 


monia and delirium 
tremens 5 days 
3 M 39 T.McG. 1952 C5-T1_ Spasticity legs Living 2 years Good _ strength, 
marked spasticity 
$ F 36 KS.M. 1953 C3-C7 Marked weak- Living 6 months Slight weakness 


ness right hand right hand 

5 F 48 LH. 1954 C2-T3 Pain in neck Living 4 months Negative 

6 F 42 FG. 1954 C5-T2. Marked paresis Living 3 months Regained bladder 
legs control. Legs im- 


proved 
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TOTAL REMOVAL OF INTRAMEDULLARY TUMORS 
SUMMARY AND CONCLUSIONS 


Of 6 patients who were subjected to total removal of intramedullary 
spinal ependymomas, 3 have no significant disability (Table 1). It would ap- 
pear that the chance of complete success is enhanced by early operation, 
encapsulation or good demarcation of the tumor, and use of the two-point 
coagulation forceps. While it should not be implied that all ependvymomas 
are suitable for such a procedure, it is believed that in a good percentage of 
‘ases excellent results will be obtained by total removal. 
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CASE REPORTS AND TECHNICAL NOTES 
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Cryptococcosis is an infection by the organism Cryptococcus neoformans, also 
known as Torula histolytica. The organism is a yeast-like fungus with special pre- 
dilection to affect the nervous system. Though the disease is rare, it is now becoming 
more and more widely recognized. Carton and Mount? collected 220 reported cases 
of torulosis, in 42 of which neurosurgical procedures were performed. Usually the 
disease is a diffuse affection, though localized infection may occur. The circum- 
scribed collection of the fungus is known as toruloma or cryptococcic granuloma. 
Balakrishna Rao and Lilauwala! and Liu‘ have reported circumscribed lesions of the 
brain that have been treated by surgery. 

Involvement of the spinal cord by cryptococcosis is a very rare phenomenon. 
In 220 cases, Carton and Mount listed only 10 with spinal cord symptomatology. 
Of these 10, only 2 showed purely spinal cord symptoms (1 case of Goodhart and 
Davison* and 1 of Carton and Mount?). In Goodhart’s case, though laminectomy 
was done twice, no tumour could be found. Carton and Mount had successfully re- 
moved a Torula tumour of the cauda equina and the patient was alive up to the 
time of reporting. 

This paper, as far as we are aware, records the first case in the literature of a 
circumscribed intramedullary cryptococcic granuloma of the spinal cord that was 
successfully removed. The patient has been in good health for over a year, with no 
other manifestation of the disease. The cerebrospinal fluid on repeated examination 
showed no biochemical or bacteriological change. 


CASE REPORT 


N.S. 1307. Miss G., an Indian girl aged 17, was first admitted to the Government General 
Hospital, Madras in September 1952, complaining of pain in the upper part of her back since 
1949. This pain radiated forwards around the left side of the chest and occasionally to the 
right at about the level of the nipple. For the last few months she had had difficulty in walk- 
ing and felt her legs occasionally give way. On examination then, there were exaggerated jerks 
in the lower limbs. There was no other neurological abnormality. Roentgenograms of the 
spine were normal. Lumbar puncture showed clear, colourless CSF with an initial pressure of 
80 mm. of CSF rising to 200 mm. on jugular compression. The biochemistry and cytology of 
the CSF were normal. She was sent home and asked to report for periodic examination. 

On Dec. 10, 1952 the patient was readmitted with all the above complaints gradually 
worsening. Her legs had grown weaker with increasing pain in her back. 

Examination. There was mild spasticity of the lower limbs with exaggerated jerks. The 
plantar reflex on both sides was extensor. There was no sensory loss. The bladder function was 
normal. Clinically the level of the lesion was clear because of the root pains, occurring at the 
5th dorsal segment. 
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Roentgenograms of her dorsal spine were repeated and showed no abnormality. Lumbar 
puncture and manometry were repeated but there was no evidence of any block. The CSF 
was again normal, with 20 mg. protein and 4 lymphocytes per c. mm. 

Lipiodol myelography through the cisternal route was done. Screening revealed a bifur- 
cated obstruction of the iodized oil at the level of the 2nd dorsal vertebra. The swelling was 
seen to pulsate. The possibility of a vascular tumour or a haemangioma of the cord was con- 
sidered. 

Operation. On Jan. 16, 1953, under endotracheal anesthesia, with the patient in the prone 
position, the laminae of D2, 3 and 4 vertebrae were removed. The extradural tissues were un- 
usually vascular. The dura mater was opened. The spinal cord was found to be fusiform and 
bulging over a length of about 3 inch, and it felt tense. There were a few small blood vessels 
coursing over this part of the cord, and these were coagulated by diathermy. Then the spinal 
cord was incised in the posterior midline, and the tumour was dissected out of the cord sub- 
stance very carefully. The dura mater was closed and the wound was sutured in layers. 

Course. The postoperative period was smooth. The patient recovered except for some 
weakness in the right lower limb. 

A year later she was found to be normal and healthy. Lumbar puncture at this time 
yielded normal CSF. No organisms were grown in culture. Roentgenograms of her lungs were 
normal. 

Pathological Study. The specimen was a firm greyish-pink oval tumour mass, measuring 
3 in. in length and in. in width (Fig. 1). It appeared encapsulated, there being no adherent 
nerve tissue over its surface. Fine capillary vessels were seen to course over the mass. 

Section of the mass disclosed a cystic cavity containing gelatinous necrotic material. This 
was surrounded by a moderately thick wall, forming a capsule (Fig. 2). 
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Figs. 1 and 2. (Left) The encapsulated tumor mass. (Right) Microphotograph, X10. Section through 
the tumour showing a single cyst with a fibrous wall and containing granular material. 


Microscopic Examination. Section through the mass showed a single cyst with an outer 
fibrous capsule and containing granular tissue within which were numerous spheroid bodies 
(Fig. 3). These had the appearance of Torula histolytica—small yeast-like bodies approxi- 





mately the size of an erythrocyte. They were grouped in jelly-like masses, lying free as though 
in culture. In the vicinity of the collagenous fibrous wall organisms with a dark central por- 
tion and a surrounding greyish-white halo were seen, representing the gelatinous capsule 
(Fig. 4). Paucity of inflammatory cells was conspicuous. Only a few round cells were present 
here and there. The fibrous wall was without any appreciable inflammatory reaction. 
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Fics. 3 and 4. Microphotographs. (Left) Numerous spheroid bodies lying free in the gelatinous 
granular mass (160). (Right) Torula histolytica within the granular contents of the cyst. The halo 
around the spherules represents the capsule of the Torula bodies (640). 


Comment. There was no evidence of any systemic infection in this case. The 
- : ; ; ; ; “yp : 
Torula infection simulated a spinal cord tumour. Radical excision of the circum- 
scribed mass seems to have resulted in a cure in this case. The patient was given no 
specific antibiotic therapy. 


SUMMARY 


A case is reported of an intramedullary cryptococcic granuloma of the spinal cord 
at the 5th thoracic segmental level. This is apparently the first such reported case 
in the literature, in which surgical removal of an intramedullary toruloma of the 
spinal cord has been done. 


Our thanks are due to the Dean, and the Professor of Pathology, Madras Medical College, 
for permission to publish this case. 
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RUPTURE OF AN INTRACRANIAL ANEURYSM DURING 
CEREBRAL ANGIOGRAPHY 


KENNETH G. JAMIESON, M.S. (Melb.) 
Repatriation General Hospital, Heidelberg, Victoria, Australia 


(Received for publication July 14, 1954) 


Cerebral angiography is now well established as a valuable means of investigat- 
ing patients with a variety of intracranial lesions, and is being used more generally 
and more frequently. That it is not free from danger is apparent from the several 
deaths and many cases of hemiplegia that have been reported as complications (for 
example, see Rowbotham et al.?). The present case warrants separate report, as an 
intracranial aneurysm was seen radiographically to have been ruptured during the 
procedure. 


CASE REPORT 


A man aged 36 years was admitted on Feb. 3, 1954. Two days before, during strenuous 
exertion, he had experienced a sudden severe pain which began in the nape of the neck and 
spread over the head. He lost consciousness for about 1 hour and awoke with severe head- 
ache, a stiff neck and blurred vision, and vomited copiously. Examination then revealed no 
abnormality other than stiffness of the neck. Lumbar puncture yielded heavily blood-stained 
CSF. 

Examination. On admission he still complained of headache, which was subsiding, and 
showed no abnormal neurological signs. The CSF was yellow and pressure was 180 mm. CSF. 
A diagnosis of ruptured intracranial aneurysm was made. 

Course. After 1 week the patient was free of headache. 

Angiography. Percutaneous injection of both common carotid arteries was performed un- 
der local anaesthesia on Feb. 10, 1954, and an aneurysm was demonstrated on the left middle 
cerebral artery, about half-way out the Sylvian fissure. The site of origin of the aneurysm was 
not well seen, nor whether it had an accessible neck. 

The patient remained free of symptoms during the next week, but surgical treatment was 
deemed advisable. It was thought that the operation of choice would be carotid ligation in 
the neck, but to decide the possibility of a direct intracranial attack, further angiography was 
undertaken on Feb. 17, 1954, with the object of obtaining two further views. 

The teft common carotid artery was again punctured under local anaesthesia, and by the 
injection of 15 ml. of 40 per cent Uriodone a good anteroposterior view of the intact aneurysm 
was obtained through the orbit (Fig. 1). The other view required was an oblique lateral, to 
separate the aneurysm from bony shadows. Three injections were made to obtain this view— 
the first two films were fogged because the exposure was angled across the plane of the grid 
lines, but this error was then recognized and corrected and the next injection resulted in the 
picture seen in Fig. 2. Immediately after this injection, the needle was withdrawn from the 
artery (since success seemed assured) and the patient was removed to the waiting room. When 
the film was developed, the rupture was recognized and the patient was questioned regarding 
the effect of the injections. The first three injections had produced the usual feeling “‘like 
scalding water” up the left side of the face. The last injection had caused a similar sensation 
together with a sudden severe left frontal headache, which was still present. His speech was 
already a little hesitant. Examination showed no other abnormality at this stage, except for 
slight dilatation of the left pupil (a not uncommon effect of angiography). 
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Fig. 1. A-P projection of common carotid angiogram. The middle cerebral aneurysm is intact. 


Course. The patient was returned to bed, and an early operation was planned. There 
was no apparent change in his clinical state until 1 hour later, when an epileptic fit commenced 
on the right side and resulted in unconsciousness. The left pupil was then smaller than the 
right, but it rapidly dilated and a left medial rectus palsy developed as unconsciousness deep- 
ened. An elevated B.P. (180 mm. Hg systolic) and slow deep respirations completed the pic. 
ture of cerebral compression. 

Operation (performed by Mr. R. S. Hooper under endotracheal gas and oxygen anaes- 
thesia with controlled hypotension). A left frontotemporal osteoplastic flap was reflected and 
incision of the tense dura mater exposed the swollen Sylvian region. There was much sub- 
arachnoid blood in the cerebral sulci, and the high tension prevented retraction of the frontal 
lobe for the usual approach to the aneurysm via the Sylvian fissure. Brain needling encount- 
ered a large intracerebral haematoma at a depth of 3 cm., and this was evacuated by aspira- 
tion and by incision of the overlying cortex. The aneurysm was then found to be wrapped 
around the front of one of the middle cerebral branches, which had to be clipped to control 
the severe haemorrhage that resulted from dissection. 

Course. After the operation the patient appeared definitely improved, but there were signs 
of decerebrate rigidity. Ten hours later his condition deteriorated, and cardiac and respiratory 
arrest occurred. Cardiac massage restored regular strong cardiac contractions, but spontane- 
ous respiration did not recover and death soon followed. 


DISCUSSION 


The controversy that has raged over the advisability of early angiography in 
cases of spontaneous subarachnoid haemorrhage has largely been settled. The great 
importance of the information so to be gained, without which surgical treatment 
vannot be planned, considerably outweighs the risk of rupture of an aneurysm by the 
injections. Indeed, this risk has seemed rather remote. In the present instance there 
is a clear demonstration of such an occurrence. In Fig. 1 the aneurysm is intact and 
in Fig. 2 it has ruptured, while the onset of headache was during the last injection. 

The fountain of dye seen spurting from the aneurysm well illustrates the force 
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with which such a haemorrhage may tear the brain substance, especially when ad- 
hesion of the aneurysmal sac to the brain has resulted from a previous subarachnoid 
haemorrhage. The rapid progression of neurological abnormalities, from headache 
and dysphasia to coma and cerebral compression is also evidence of the major char- 
acter of the haemorrhage. It is unusual for haemorrhage to be actually shown by 
angiography, the only other case in my series being an extradural haematoma in 
which the bleeding point on the middle meningeal artery was visualized.' 

At this Hospital, 40 per cent Uriodone has been used routinely for cerebral angi- 
ography, as this concentration appears to be necessary to obtain adequate contrast 
in the anteroposterior projection in particular. The amount of dye in the syringe for 
each injection is not more than 15 ml., except for cross-circulation tests, when up to 
20 ml. are used. Not all of this is injected, the last 1-2 ml. being retained in the down- 
ward-pointed syringe as an additional precaution against the introduction of air 
bubbles (for these or clots caused by inadequate technique may account for a pro- 
portion of the reported complications). The pressure applied is that of the thumb on 
the plunger, which delivers the dye in 2-3 seconds through a 3-inch 18 G. needle. 

The degree of vascular disturbance caused by radio-opaque solutions of the io- 
dine group may be seen from the bright facial flush and scalding which follow in- 
jection. In this patient it was noticed that the flush was preceded by an intense 
unilateral pallor, which lasted about 5 seconds. That the cerebral vessels may be- 
have similarly is suggested by the frequent finding of some degree of arterial spasm 
in the films—for example, in the carotid siphon in Fig. 2. Occasionally spasm may 
account for complete non-filling of one or more cerebral vessels which have been 
demonstrated in other injections. In one instance recently the internal carotid artery 
appeared to end blindly just below its bifurcation, while the ophthalmic and anterior 





Fig. 2. Subsequent lateral projection shows rupture of the aneurysm with escaping jet of dye. 
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choroidal branches were filled to the periphery, showing that the exposure was cor- 
rectly timed. A subsequent injection showed the cerebral vessels fully. (No neuro- 
logical disturbance occurred in this patient.) Further, the sudden facial scalding 
-auses a reflex elevation of blood pressure, which may also be serious. 

When one considers the large number of complications that have occurred after 
use of these dyes, one wonders how much safer they are than thorotrast which, apart 
from its possible late carcinogenic effect, was non-irritant and gave excellent con- 
trast radiographs in small amounts with slower injection. Certainly the need for a 
new non-irritant and good contrast dye is great. 

This case has been the only serious untoward event in a series of 150 patients 
who have undergone carotid angiography (in many cases bilateral) at this Hospital 
in the past 3 years. Two transient complications have occurred. In 1 patient acute 
bronchospasm developed, which was relieved by the injection of adrenalin. Another 
became unconscious with profound hemiplegia 5 minutes after the conclusion of the 
angiogram, presumably from spasm as recovery was complete within 1 hour and no 
EEG abnormality could then be demonstrated. Comment may be made upon the 
unfortunate chance that the fourth injection in the present case should have been 
necessitated by a simple technical error in two previous films. 


SUMMARY 


1. A case of rupture of an intracranial aneurysm during cerebral angiography 
is reported, and the radiographic picture of haemorrhage from an aneurysm is pre- 
sented. 

2. The possibility of this complication is a real one, but should not preclude the 
early use of this valuable diagnostic procedure. 

3. The need for a new non-irritant radio-opaque dye is discussed. 

I am indebted to the Chairman of the Repatriation Commission of Australia for permis- 
sion to publish this case. It is a pleasure to thank Mr. R. S. Hooper, Neurosurgeon to this 


Hospital, for his continued advice and guidance, and for his ready surgical assistance in this 
case. 
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SPINAL CORD TUMOR IN A NEWBORN* 


Dwicut Parkinson, M.D.,+ Harry Mepovy, M.D.,{ anp J. R. Mitcneti, M.D.§ 
University of Manitoba, Winnipeg, Canada 


(Received for publication July 23, 1954) 


CASE REPORT 


W.G.H. #71685. D.B., a white male child, was born Dec. 15, 1953 at the Maternity 
Pavilion of the Winnipeg General Hospital following a normal pregnancy in a healthy primip- 
ira, aged 32. Labor was normal; the first stage lasted 24 hours and the second stage 15 
minutes. Outlet forceps were used. The infant cried immediately and was of normal color. It 
weighed 7 Ibs. 5 oz. The obstetrician noted that the baby did not move his left leg either spon- 
taneously or on stimulation and that his right leg moved only very slightly with stimulation. 
[here was no evidence of injury. 

Examination. The baby was re-examined the next morning. The cry was normal and the 
feeding was normal. The upper half of the body appeared entirely normal. The configuration 
and color of the lower half of the body appeared normal. Tonus, however, was markedly re- 
duced in the lower extremities. The anal sphincter was extremely patulous and digital exam- 
ination occasioned no discomfort. Urine dribbled with each cry. There was no movement in 
the left leg and the right leg moved but slightly at the hip and knee. There were no tendon re- 
flexes in the lower extremities. The left cremasteric reflex was absent whereas the right was 
quite brisk. Pain response was reduced on the left from the perineum up to the lower abdom- 
inal quadrant and on the right up to approximately the inguinal region. There was no visible 
or palpable defect of the spine, no tuft of hair and no sinus. X-ray of the entire skeleton re- 
vealed no abnormality. A lumbar puncture at the 4th interspace recovered three drops of 
xanthochromic fluid. Unfortunately this was not deemed sufficient for examination by the 
laboratory. 

Course. Weekly checks revealed no significant progression. After 7 weeks it was felt defi- 
nitely established that no improvement was taking place. There remained a neurologic deficit 
with the upper level at approximately T11 on the left and L1 on the right. 

The child was re-admitted for myelography at the Winnipeg General Hospital. Attempts 
at lumbar puncture were unsuccessful and hence the opaque media was introduced via the 
cistern. A complete block to the downward passage of the opaque media was demonstrated 
at T8 (Fig. 1). 

1st Operation. At laminectomy, Feb. 9, 1954, a dark blue fleshy mass was exposed at T12. 
At this level it lay primarily on the left of the cord (Fig. 2) and appeared to be entirely extra- 
medullary, thinning out in the subarachnoid space and completely enveloping the cord up 
to T8. This mass was removed downward to L2. At this time the child’s condition worsened 
and the operation was discontinued. 

Course. The microscopic appearance of the tumor was that of an undifferentiated glioma 
and therapy was instituted with the cobalt bomb. The child failed to improve and re-opera- 
tion was therefore undertaken. 

2nd Operation. On April 13, 1954 the laminectomy was continued, and the mass was fol- 
lowed down to the lumbosacral junction, at which point the tumor terminated. 


* Read before the Sixth Annual Meeting of the Canadian Neurological Society, Vancouver, June, 
1954. 

+ Department of Surgery, Winnipeg General Hospital, University of Manitoba. 

t Department of Pediatrics, University of Manitoba. 

§ Department of Obstetrics and Gynecology, Winnipeg General Hospital Maternity Pavilion. 
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Fic. 1. Cisternal myelograms taken with patient vertically upright. The leading edge in both the 
A.P. and lateral views of the downward passage is arrested at T8. In the A.P. views the leading edge is 
seen to be widened and concave. 





Fig. 2. (See explanation on facing page.) 
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Fic. 3. (Above) Irregular clusters of darkly staining anaplastic nuclei in cells with very scanty cytoe 
plasm. The supporting structure is a very loose reticulum containing numerous irregular blood vessels 
with walls of uneven thickness. Hematoxylin and eosin, X125. (Below) Another section containing a 
nerve rootlet, the sheath of which is invaded by tumor cells in the uppermost portion. The nerve root 
itself is invaded with tumor cells in the lower portion. Hematoxylin and eosin, X125. 


foe 


Fic. 2. (Above) Operative exposure. The main bulk of the tumor is seen above the cord as a raw 
surface. The part encircling the cord on top has been peeled off and the ragged margin on the other side 
appears in the picture just below the cord, to the right of where the dural suture is holding up the free 
edge of the dura mater. (Below) The main mass of the extramedullary tumor being removed from its 
position lateral to the cord (above cord in this picture). 
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Microscopical Diagnosis. The consensus of the pathology department at this time was 
that the tumor is a malignant glioma, possibly a neuroepithelioma (Fig. 3). 

Subsequent Course. The child continues to thrive in every respect. Movement in the right 
leg has become quite vigorous and movement has appeared at both the hip and knee of the 
left leg. The sphincters have returned to apparent normalcy. Complete recovery is not antic- 
ipated. 


DISCUSSION 

Spinal cord tumors are quite rare in childhood and particularly in infancy.'~"* 
Broager’s' youngest patient in a series of 271 cases of cord tumor was 9 years old. 
Anderson? reported a total of 21 cord tumors in children, excluding congenital mal- 
formations. His youngest patient was 5 months old, and had an extradural heman- 
gioendothelioma. Of 36 patients with cord tumor reported by Dandy,’ 5 were under 
15 years of age. Ford® found 3 cases among 70,000 pediatric admissions and the 
youngest patient was 9 years old. Of Stookey’s'® 160 patients with cord tumor, 8 
were under the age of 12. Elsberg’s* youngest patient was 3 years old. Buchanan’s® 
youngest patient was 3 months old. We have been unable to find any recorded case 
of a spinal cord tumor evident at birth other than teratomas, dermoids and those 
associated with developmental defects such as bifida, meningocele or sinus." 
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A NEW TYPE OF TANTALUM CLIP FOR OCCLUDING 
CEREBRAL BLOOD VESSELS 


Burton L. Wisse, M.D., anp Etiot D. GREEN* 
Department of Neurological Surgery, University of California 
School of Medicine, San Francisco, California 


(Received for publication August 3, 1954) 


In the course of intracranial operations on aneurysms and arteriovenous angio- 
mas, it has become apparent that the usual narrow tantalum or silver clips are often 
inadequate for occluding large vascular channels, such as the internal carotid artery 
or the principal contributing vessels of an angioma. There is also the risk, particu- 
larly in the case of an angioma, that 
these narrow clips may cut through or 
cause erosion of the vessel. 3 Mm 

To overcome these disadvantages, . . 
at the suggestion of Dr. E. B. Boldrey a | 
number of plain broad tantalum clips 
were made up. When they were put to . 
use, however, we found that although , ; 
they were superior to the narrow type, 
they had a tendency to slip in spite of 
serrations on the inner surface. Recent- ‘ 


was BT 


ly, during the course of an operation, 2mm. J 
one of these clips was seen gradually to 
slide off a large artery feeding a parietal Imm. 
angioma. 
We then constructed another clip, PETTY TEE pT | HI 


| 
using the same wider dimension but in- METRIC 1 SYSTEM 1 


corporating a flange to prevent slipping 
(Fig. 1). This clip has been used at the 
University of California Hospital and 
has proved — satisfactory for the oc- (Left) External surface of clip, before bending, show- 
clusion of larger intracranial vessels. It ing slight longitudinal groove. (Center) Finished clip, 
is made from 16/1000" thickness (0.4 ready for application. (Right) Internal surface of 
mm.) tantalum sheet and can be cut or __ clip, before bending, showing longitudinal serrations. 
stamped with a small die. The main 

body of the clip, before it is bent, measures 14 mm. by 3 mm., and the narrow flange 
on one end is 2 mm. long by 1 mm. wide (Fig. 1). The internal surfaces are serrated to 
alleviate longitudinal slipping of the clip on the vessel. The broad part of the clip is 
shaped to form a “‘V” or ““U” and the narrow flange is bent up perpendicular to the 
surface of the clip, partially closing the ““U” or “V” (Fig. 1). We have found that a 
straight hemostat, either standard or long-handled type, is adequate for applying the 
clip. When the clip is closed, the narrow flange prevents it from slipping off the vessel. 





Fic. 1. Clip shown about 2} times actual size. 


* Instrumeat maker, University of California Hospital. 
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To obviate the risk that the clip might open gradually, we had planned origi- 
nally to develop a special applying forceps which would bend the flange over as the 
clip was closed. After using the clips, however, we have come to the conclusion that 
this is unnecessary if the clips are stiff enough. If desired, the flange may be bent 
down after closing the clip. 


SUMMARY 


A new type of broad tantalum clip with a flange to prevent slipping is described 

















NOTICES 
NEW YORK SOCIETY OF NEUROSURGERY 


Dr. Percival Bailey, Professor of Neurology and Neurological Surgery, Uni- 
versity of Illinois, Chicago, will deliver the 1954 Charles A. Elsberg Lecture estab- 
lished by the New York Society of Neurosurgery, on Tuesday, November 16, 1954, 
at 8:30 P.M., at the New York Academy of Medicine, New York City. Dr. Bailey 
has chosen as his subject “Psychomotor Epilepsy—Its Relation to the Visceral 
Brain.” 

Preceding the lecture, a dinner in Dr. Bailey’s honor will be held in the Presi- 
dent’s Gallery of the New York Academy of Medicine. 


SOUTHERN NEUROSURGICAL SOCIETY 


The next annual meeting of the Southern Neurosurgical Society will be held in 
Birmingham, Alabama, February 18 and 19, 1955. Headquarters will be at Hotel 
Dinkler-Tutwiler. William F. Meacham, Vanderbilt University Hospital, Nashville, 
Tennessee, is Secretary. 
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W. Congenital lumbosacral myelomeningo- 
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American Board of Neurological Surgery, 117, 432 
American Electroencephalographic Society, 332 
American Neurological Association, 217, 432 
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partial ligation for, followed by aneurysm of 
common carotid in neck, 209 
rupture of, during angiography, 625 
ruptured, pathologic anatomy of, 128 
supratentorial, of infratentorial origin, excision 
of, 422 
Angiography, cerebral 
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for demonstration of meningeal arterial anas- 
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percutaneous, complication of, 112 
rupture of aneurysm during, 625 
Angiography, vertebral 
complications of, 607 
percutaneous, 442 
Angioma, bilateral, of choroid plexus, 428 
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Apparatus: See also Instruments 
instrument table, 430 
sponge rubber pad for operations with patient 
in prone position, 212 
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Bladder, physiology of, 183 
Blood vessels: See also Aneurysm 
anterior chorioidal artery, occlusion of, for 
Parkinsonism, 578 
bilateral carotid-cavernous fistula, 32¢ 
cerebral, peripheral collateral circulation be- 
tween, 363 
internal carotid artery thrombosis, collateral 
circulation through ophthalmic artery in, 
405 
small, clamp for occluding, 514 
superior sagittal sinus, thrombosis of, caused 
by trauma, 173 
tantalum clip for occluding, 633 
vascular malformations in region of great 
vein of Galen, 488 
Botprey, E. B. See Malamud, N., 353 
Boyce, W. See Alexander, E., Jr., 183 
Brain 
abscess caused by Nocardia asteroides, 312, 
399 
abscess, delayed, related to foreign bodies, 
386 
anterior cingulectomy in man, 268 
area “4s” suppressor mechanism, 7, 26 
limbic lobe in man, 64 
limbic system and its hippocampal formation, 
29 
necrosis of, following X-ray therapy, 353 
paragonimiasis of, 318 
pseudotumor cerebri, 433 
spinothalamic tractotomy for intractable itch- 
ing, 508 
thalamocortical projection system, non-spe- 
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visceral brain of man, 45 
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Brain injury: See Cranium; Head injury 
Brain tumor: See Intracranial tumor 
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Excision of multisaccular supratentorial 
aneurysm of infratentorial origin. Case re- 
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Cerebellum, nocardiosis with multilocular abscess 
of, 394 
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rhinorrhea and pneumocephalus, treatment 

of, 277 

water exchange in, 234 
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Cholinergic blocking agents in treatment of 
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cholinergic blocking agents in treatment of, 77 
thrombosis of superior sagittal sinus caused 
by, 173 
transventricular wounds of brain, 151 
Hemangioblastoma of cerebellum, familial, 217 
Hemiballismus, effect of ventral quadrant sec- 
tion of cervical cord on, 409 
HouzMan, A. See Gross, S. W., 209 
Hooper, R. S. Cerebral paragonimiasis, 318 
Horrax, G. See LaFia, D. J., 205 
Hvuana, Y.S., and Araki, C. Angiographic con- 
firmation of lateral ventricle meningiomas. A 
report of five cases, 337 
Hydrocephalus, peritoneal shunt for, 284 
Hypotension, controlled, 143 


ImMLer, R. See Meyers, R., 7 
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clamp for occluding small blood vessels, 514 
tantalum clip for occluding cerebral blood 
vessels, 633 
Intervertebral disc, herniated 
thoracic, with nerve root and spinal cord 
compression, 525 
thoracic, with spina] cord compression, in 
kyphosis dorsalis juvenilis, 327 
Intracranial tumor 
acoustic neuromas in children, 505 
angioma of choroid plexus, bilateral, 428 
choroid cyst with leukemic contents, 205 
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metastases, 413 
glioblastoma multiforme of septum pelluci- 
dum, 251 
glioblastomas, treatment of, with radium, 
119 
hemangioblastoma, cerebellar, familial, 217 
meningiomas of brain, clinical experience with, 
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confirmation of, 337 
metastatic, lung cancer as related to, 306 
metastatic, treatment of, 84 
midline obstructional, ventriculo-pleural anas- 
tomosis for, 295 
parasagittal frontal, with speech disturbances, 
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parasellar, use of ACTH in surgery for, 463 
radioactive isotope encephalography in pa- 
tients with, 262 
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Itching, intractable, spinothalamic tractotomy for, 
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of brain, clinical experience with, 479 
of lateral ventricle, angiographic confirmation 

of, 337 
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Percutaneous vertebral angiography, 
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Nerve: See also Paralysis 
facial and spinal accessory nerve anastomosis, 
technique for, 509 
facial neuralgia, atypical, surgical treatment 
of, 596 
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radial, lipoma producing lesion of, 310 
root compression with herniated thoracic 
intervertebral discs, 525 
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ment of, 333 
trigeminal neuralgia, results of decompression 
operation for, 499 
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Nervous system 
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